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1. INTRODUCTION 


The HDC-2@01 is an S$-180 bus Winchester Controller board with error 
correction (ECC) capabilities. It is designed to interface up to four 
Winchester disk drives. There are two versions of the board, the HDC-10@1- 
3/8. The HDC-2031-8 can operate 8" drives. The HDC- 081-5 is used with 
most S-1/4" drives. 


The drive signals are based upon the floppy look-alike interface available 
on the Shugart Associates’ SALO@0, the Seagate Technology STS@6, and other 
compatible drives. All necessary buffers and receivers/drivers are 
included on the board to allow direct commnection to the drive. Four 22 pin 
radial ceonmnectors are provided for data. Either a 34 pin (5-1/4" drive) or 
a SQ@ pin (8" drive) connector is provided for drive control. 


All data ta be written ta or read from the disk, status information, and 
macra commands are transferred via the S-100 bus. An on board sector 
buffer allows data transfers ta the host computer independent of the actual 
data transfer rate of the drive. 


*¥NOTE: In this manual the S-12@ interface is called the "Host. " 
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Features 


S-1@@ IEEE 696 

Single 8V Supply 

Built-in Data Separator 

Built-in Write Precompensation logic 

Data rates up to 5 Mbits/sec 

Contral for up to 4 drives 

Control for up to 8 R/W heads 

1924 cylinder addressing range 

256 sector addressing range 

CRC generation/verification 

Automatic formatting 

128, 256, or Sie bytes per sector (User selectable) 
Unlimited sector interleave capability 
Multiple sector reads and writes 

Overlap seek capability 

Implied seek on all commands 

Auteamatic retries on all errors 

Automatic restere and re-seek on seek error 
Errar carrecticn on data field errors 
Diagrnastic reads and writes for checking error correction 
Power Consumption +S5SV @ 2.5 amps 
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Encoding method: 
Cylinders per Head: 
Sectors per Tracks 
Heads: 

Drive Selects: 

Step rate: 

Data Transfer Rate: 


Write Precomp Time: 
CRC Folynomials 
ECC Polynomials 


Reciprocal ECC Polynomial: 
Miscorrection Probability: 


Non-detectian Prababilitys 
Correction Spans: 
Sectorirngs: 

Hast Interface: 

Drive Capability: 

Drive Cable Length: 

Pawer Requirements: 
Ambient Operating Temperature: 
Relative Humidity: 

MTEF s 

MTTR: 


MFM : 

Up to 1024 

Up to 256 (512 byte sec) 

8 

4 

35 uS to 7.5 mS (@.5 mS increments) 
4.34 Mbits/sec (SA10AQ) 

3-980 Mbits/sec (STS5S@6) 

12 nanoseconds 

XHHLEAXHHLO+X HHS +1 
KEESOHKHHCO+XKHHECGAKHHALOAX HEL TEX HELIO 
XHH#GB4+XHHO+1 ; 
XHHSOHXHHRSAAXHHCE+X HHL SC+EX HHL S +X HHL SH 
XHHGEX HHA 

256 byte sector —- (8.28 E-6 

Si2 byte sector - (1.5 E-S 

-2.3 E-18 

3 bits 

Soft 

8 Bit bi-directional Bus 

10 LS Loads 

i@ ft. (3 M) max. 

+BV, 32.@A Max (2.5A typ.) 

OC te S@C (32 F to 122 F) 

20% to BBx% 

1@, 2@2 POH 

384 minutes 
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1.4. Simplified System Block Diagram 
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SIMPLIFIED SYSTEM BLOCK DIAGRAM — HDC- 001 
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2. INTERFACE CONNECTORS 


2.i. Organization 
The HDC-2@0@01 has six om board connectors. These connectors consist of a 
two drive control connector, and four high speed data connectors. 


The drive control cable is daisy-chained to each of the four drives. 


The drive data conrnectors carry differential signals and are radially 
connected. Up to four drives can be accommodated by the HDC- 001. 


The Drive Control connector (J5 and J6) is a (relatively) low speed bus 
that is daisy chain connected to each of up to four drives in the system. 
To properly terminate each TTL level output signal from the HDC- 801, the 
last drive in the daisy chain should have a 220/330 ohm line termination 
resistor pack installed. All other drives should have no termination. 
Drive Cantral Signals are as follows: 


2.2.1. RWC- 
When the Reduce Write Current line is activated with 
Write Gate, a lower write current is used to compensate 
for greater bit packing density on the inner cylinders. 
The RWC- line is activated when the cylinder number is 
greater than oar equal te four times the contents of the 
Write Precomp Register. 


2.2.2. Write Gate- 
This sutput signal allows data to be written to the 
disk. 


2.2.3. Seek Complete- 
Informs the HDC-24@1 that the head of the selected 
drive has reached the desired cylinder’ and has 
stabrlized. Seek Complete is not checked after a SEEK 
command, thus allowing overlapped seeks. 


2.2.4. Track @@Q0- 
Indicates that the R/W heads are positioned on the 
cutermost cylinder. This line is sampled immediately 
before each step. is issued. 


2.2.5. Write Fault-— 
Informs the HDC—-2001 that some fault has occurred on 
the slected drive. The HDC-20@1 will not execute commands 


2. c. 6. HS@—-HS2- 
Head Select lines are used by the HDC-2801 to select a 
specific R/W head on the selected drive. 
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2.2. 8. 


2.2.9. 


2.2.19. 


2.2.11. 


Sector— 


Index- 


Ready-— 


Step- 


For hard sectored drives, this line is used ts indicate 
the sector boundries during formatting. Note that this 
line is not used unless special PROMs are installed to 
handle hard sectored drives. 


Is used to indicate the index point for synchrenization 
during formatting and as atime out mechanism for 
retries. This Signal should pulse once each rotation 
af the disk. 


Informs the HDC-2@@1 that the desired drive is selected 
and that its mator is up to speed. The HDC- @@1 will 
mat execute commands unless this line is true. 


This line is pulsed ence for each cylinder to be 
stepped. The direction of the step will be determined 
by the Direction In- line. The step pulse period is 
determined by the internal stepping rate register 
during implied seek operations or explicitly during 
Seek and Restore commands. During auto restore, the 
step pulse period is determined by the Seek Complete- 
time from the drive. 


Directian In- 


DS1-DS4- 


Determines the direction of mation af the R/W head wher 
the step line is pulsed. A high on this line defines 
the direction as out and a lew defines direction as in. 


These four Drive Select lines are used to select ore of 
four possible drives. 
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2.2.13. Control Driver/Receiver 
The control lines have the following electrical specifications: 


True= 2.28V ta @4 V at Tin = 40 ma. (max.) 
False= 2.5 V to 5.25 V at Tin = -@ ma. (apen) 
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2.2.14. 98 Pin Drive Control Comnector 


This Drive Control Connector (J5) is a 50 pin vertical header on tenth~-inch 
centers that mates with Burndy #FRSSQBS. The cable used should be flat 
ribbem cable ar twisted pair with a length of less than 10 feet. The cable 
Ppin-outs are as follows: 


oh en ee ee + 
! Signal Ground t Signal Pin [| 1/0 | - Signal Name | 
$= --— + +—-— +H + 
! 1 { 2 | fa) | ° RWC- ; 
| 3 1 4 1 0 | Head Select e- | 
I bea) ! 6 | l NC | 
| 7 | 8 J I J Seek Complete- l 
I 9 l 12 | ! NC | 
! 11 | 12 | ° | NC | 
| 13 I 14 | aS) | Head Select O- | 
| 15 | 16 I I | Sector-—- | 
I 17 | 18 | 0 | Head Select 1- | 
I 19 | 2a 1 I | Index- | 
l 21 | 22 ! I | Ready— | 
| 23 1 Kok | ] NC | 
| 25 | 26 I 0 | Drive Select 1- | 
27 I =8 i. “Oe. 34 Drive Select 2- 
| 29 | 30 . | 0 1 Drive Select 3- | 
| 31 J 32 | 0 | Drive Select 4- | 
| 33 ! 34 | 0 | Direction In- | 
j 35 { 36 | 0 | Step- | 
! 37 | 38 | | NC | 
{ 39 1 40 I 0 ! Write Gate- | 
| 41 I 42 | I | TROAB— | 
{ 43 I 44 \ I | Write Fault— | 
| 45 I 46 1 I NC | 
l 47 | 48 | i NC ! 
| 43 | 5@ | | NC | 
$e $e +-—-—--—-— poe ee + 
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2.2.15. 34 Pin Drive Control Connector 


This Drive Control connector (J6) is a 34 pin vertical header on tenth-inch 
centers that mates with Burndy #FRS34BS. The cable used should be flat 
ribbon cable or twisted pair with a length of less than 10 feet. The cable 
pinouts are as follows: 


a ee + 
1 Signal Ground 1 Gignal Pin tft INO t Signal Name | 
$e $e ee +$—-—-— $a eee + 
| 1 | 2 1 0 | RWC- I 
! 3 | 4 { 0 ! Head Select 2- I 
{ 3 | 6 | 0 1 Write Gate- | 
| 7 I 8 | I | Seek Complete- | 
| 9 | 1@ | T 1 TRABOW- | 
{ 11 | 12 1 I | Write Fault-— | 
| 13 ] 14 | 0 | Head Select O- | 
| 15 | 16 I I i Sector- { 
| 17 | 18 { 0 i Head Select i- | 
I 19 | 2@ i I I Index- | 
| 21 | 22 | I |! Ready- I 
| e3 | 24 | Oo | Step- | 
| 25 | 2G | 0 ! Drive Select i- 1 
| 27 | 28s { 0 [ Drive Select e- { 
| 29 l 32 | 0 | Drive Select 3- | 
| 31 J 32 1 a) | Drive Select 4- | 
33 | 34 (a) | Direction In- 
fae ee poe ee ee $e eae ope a ee ee + 


The Drive Data Cornectors carry the high speed differential MFM data 
between the drive and the HDC-20@1. Due to the loading characteristics af 
these differential lines, each of the drives have their own data connector. 
Drive Data Signals are as follows: 


2.3.1. Drive Selected- 
This siqnal is not used on the HDC-1001. 


2.3.2. Timing Clock+ 
One half of the differential Timing Clock signal. This 
line contains a Square wave Signal equal to 1/64 the 
frequency of the write clock crystal. 


This is the complimentary version af Timing Clock+. 


Differential MFM data from the cearntroller to the disk. 
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2.3.5. MFM Read Datat+- 
Differential MFM data from the disk to the controller. 


2. 3. 6. Drive Data Connectors 


Faur Data cormectors (J1-4) are provided for clock signals and data between 


the HDC-2@@1 ard each drive. All lines associated with the transfer of 
data between the drive and the HDC-2@81 system are differertial in nature 
and may not be multiplexed. The Data connectors are @€@ pin vertical 


headers on tenth-inch centers that mate with Burndy #FRS2QBS. The cable 
used should be flat ribbon cable or twisted pair with a length of less than 


1@ feet. The cable pir-souts are as follows: 
Hae a fo a fee $e + 
1 Signal Ground | Signal Pin | I/O t Signal Name | 
she nnn ee ee ee Hen ee eee + a a en en ee a + 
I rm | a I I | Drive Selected | 
1: 4 | 3 | 1 NC . | 
| 6 | 3 te | Write Protect- | 
| 8 | 7 | ! NC | 
| | 9 1 0 I: Timing Clock+ | 
| | 18 { 0 1 Timing Clack-—- | 
| 11 | | 1 GND | 
| 12 | | { GND | 
| I 13 { 0 | MFM Write Data+ | 
| 1 14 | 0 | MFM Write Data- | 
| 15 | | | GND | 
| 16 | | ! GND | 
| I 17 | I | MFM Read Datat | 
| 18 \ I 1 MFM Read Data- | 
| 19 | | | GND | 
| 2a | | | GND \ 
pee ee ee ee ee ee eee ter S eententeaiententente Se oor, + 
2.3.7. Differential Data Driver/Receiver 
HIGH HIGH 
TRUE TRUE 


AMD 26LS31 

or 75110A AMD 26LS32 
NOTE: ANY RS 422 
ORIVER/RECEIVER PAIR 
WILL INTERFACE 


FLAT RIBBON OR TWISTED PAIR 
MAX 10 FT. 
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om Ge ees cae eves Ge ee - 


3 INTERFACE TIMING 


3.4. Drive Gontrol Timing 


a nn ree ee + 
| SYMBOL CHARACTERISTIC MIN MAX JNITS | 

oe a a cr nm om a mn he ee ee meme = ce + 

1 tWG Write gate pulse width 1 sector 2 rotation | 

! +t¢DSs Direction to step delay | 250 nS | 

1 tSwW Step pulse width S(typical: uS | 

! t&P Programmed Step pulse period @.01 7.5 uS | 

1 ¢SS — Step to Seek Complete false : 9 uS | 

i +¢SC Last Step to seek Complete 128 Index | 

| times | 

sh  - + 

Notes: 

i. Write gate pulse width will vary depending on the sector size and 


the rotation rate of the disk. 


2. Step pulse period will be equal to seek complete time during au, 
restore. 


Se a) cl ea TARTS CONE 


'——— [WG 


—~WRITE GATE ee . 


(DS—-, 


oo 
-oirection V///7777777 | | ! 


S ) tsp ——__—_- 


’ cesl pan . 
_STEP , tow. ¢ 
—~ SEEK COMPLETE eee = 


| mn, 
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32:&- Drive data timing 


etet Ganat emaad eas ae ome aus one aoe 


le mem care eee cose cee ame mene etme me eee eanen comme Ome SEED cme uN cum stmt Gene CAREY QUEKD OuED GenE GEO GaN MONLY GINED HHS GEOUD GimGD Mee NE OnteD xin GEDGD Gu SAOEO COLAH SriWE GG GAN GHTLE QOIED Gu GIPSD GOSED GOOEY GaP GUND OND SOM Gy GE SEE SUED GOKD GUNS SHIGE SOPS SOMET coU SIND GUNG HERE GLEE cmon cme 
| SYMBOL CHARACTERISTIC MIN MAX UNITS 

he ee cree cet cee ens mee seen aoe eae seme eee enn eames SeamD com ment aoune ne eee ome are cote mune Gane aoe ctene cove GAD GUD Sew cone EES ente Sow SPM CATH EO ARO GAR Gre erm GRIT GAMO GAEDE SER CoN Gu” LEN Wt Am SE GANND SAR! GoD SoD GoD SOLID SORED SE CAR QomD SONNY GUNES LeNED WuteS Cm oome 
1 tTCc Timing clock period WCLK/16 (typical) 

! tWD Write data pulse width 62 120 nS 

1 RD Read data pulse width 25 nS 

ee es ares cree ere cae oe mee cee ene eee mee ees seme sm see ge cet we eet nt ee somes ene sane coms euD On ene an te ee eee HY a ete Se er sm Set ee ent te SY ee DN A Ge HS NY UD we GoD cE mo SY omer mee ene 


- TIMING CLOCK 


+ MFM WRITE witch Led Kec) Lemma ce 


] t 
—-' we— tWD 
— MFM WRITE DATA 


- MFM READ DATA 


LIU LU OU 
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4 TASK lee ee Em 


4.1. Task Eile Basics 


The HDC-20@1 performs all disk functions through a set of registers called 
the Task File. These register are loaded with parameters such as Sector 
Number, Cylinder Number, etc., prior to issuing a command. Individual 
registers are selected via AQ-2. The following registers are available: 


4.2. Register Array 

ee mae ee ae ee ee et te + 
1! CS- |} AZ | AL | AB tt RE- 1 WE- 
er + 
| 1 1 xX 1 X 1x Deselected { Deselected | 
' @ | BW | BW | A@ | Yata Register ' Data Register | 
1 @ § @ | B@ tt 1 1 Errer Register 1 Write Precomp | 
i @ | @ ff 1 1 @ { Gector Court 1 Sector Count J 
i @ 1m ft 1 i § | Sector Number | Sector Number 1 
i @ ft ft Oo 1! @ {| Cylinder Law f Cylinder Low | 
1! @ {1 '@ ti j|'F Cylinder High | Cylinder High { 
i 1 4 i 1 { @ Jt Size/Drive/Head ! Size/Drive/Head | 
1 @ | 1 FF 1 It 1 it Status Register ! Command Register ! 
fe a a en ee ee + 
4.3. Register Definitions 


4.3.1. Command Register 
All commands are loaded into this register after the 
task registers have heen set. Writing to this register 
will cause the INTRQ Line to be reset. The Command 
register is a write-only register. 


4.3.2. Status Register 

After execution of a command, the Status register is 
internally loaded with status information pertaining to 
the command executed. The hast must read this register 
to determine successful execution of the command. The 
Status register is a read-only register; it cannot be 
written to by the host. If the busy bit is set, no 
other bits in this register are valid. Accessing this 
register will cause the INTRQ line ts be reset. 


4.3.3. SDH Register 


This register contains the ECC msde, sector Size, Drive 
select, and Head select bits. The SDH register is a 
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read/write register organized as follows: 


$e + 
! 716 8 14 3 12 1 °8@ { 
$a ee + 
1 E | Sec 1! Drive | Head | 
I ] Size | Select! Select ! 
a en + 


E=0 CRC in data field 
E=1 ECC in data field 


pan ee + fe ee + 
| Bit Bit Sector Size | i Bit Bit Drive Selected | 
| G a j | 4 3 { 
he a a ee whe ee + 
| 2. 4) 2cuG& Bytes | I. @ 4) Drive Sel 1! | 
| 4) 1 512 Bytes ! { fa) 1 Drive Sel @ | 
! 1 1 128 Bytes . I { 1 a) Drive Sel 3 { 
a a ea em ama + | 1 1 Drive Sel 4 | 
ee + 

op ee + 

| Bit Bit Bit Head Selected | 

] 2 1 a) | 

hee a a a ee a a ee + 

| 2 2 7) Head @ | 

| 4) 2 1 Head 1 ! 

! 2 1 4) Head 2 | 

| Q 1 1 Head 3 I 

I 1 4) Q Head 4 I 

| 1 74) 1 Head S | 

! 1 1 Q Head 6 | 

| 1 1 1 Head 7 | 

fe ee + 


4. 3 4 


4. Se ai 


Cylinder Number 


These two read/write registers form the cylinder number 


where the head is to be positioned on a Seek, Read, 
Write, or Format command. Internally, a separate set 
ef cylinder register values are maintained for each 
drive. The two least significant bits of the Cylinder 


High register form the most significant bits sof the 
cylinder number as illustrated below: 


Cylinder High Cylinder Low 
Register bits: I7IGISI4IZIZILIOE I7IGISI4¢+Zl2i1I1al 
Cylinder bits: Ptedetd t t9tet I7IGISI4/ 312111901 


Sector number 


Tris register is toaded with the desired sector rumber 
prior toa a Read or Write command. The Sector Number 
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register is a read/write register and may be read or 
written to by the host. 


4.3.6. Sector Count 

This read/write register is loaded with the number of 
sectors to be processed. On Read or Write multiple 
commands, the number of sectors to be transferred is 
loaded into this register. During a Format command, 
this register is loaded with the number of sectors to 
be formatted. During the course of a command, the 
Sector Count register is decremented towards zero and 
should be re-loaded for each command. 


4.3.7. Error Register 
This register contains specific fault information per- 
taining to the last command executed. This register is 
valid only if the Error bit in the Status register is 
set. The Error register is read only. 


4.3.8. Write Precomp 

The Write Precompensation register holds the cylinder 
number where the RWC line will be asserted and Write 
Precampensaticn logic is to be turned on. This write- 
only register is loaded with the cylinder number 
divided-by-4 to achieve a range of 1424 cylinders. For 
example, if write precompensation is desired for 
cylinder 128 (8@ Hex) and higher, this register must be 
loaded with S32 (28 Hex). The Write Precompensation 
delay is fixed at 12 nanoseconds from nominal. On 
drives that require separate write precompensation == and 
reduce write current cylinders, set the Write FPrecomp 
register to the cylirder where write current reduction 
is desired. 


4.3.9. Data Register 
This register is the user’s window to the on-board full 
sector buffer. It contains the next byte of data to be 
written t3. or read from the interral sector buffer. 
The Data register is accessed once for each byte in the 
sectar. When the DRQ (Data ReQuest) line is asserted, 
the sector buffer contains data in a read command, or 
is awaiting data to be written during a write command 
into the Data register. If the HDC—- O81 is interfaced 
using programmed I/0, data transfers to this register 
can be implemented using block moves. This register may 
not be read from aor written ta except in the conten” of 
a valid command. 
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4-4. Status Registers 

There are two registers in the HDC-20@1 that are used to monitor the execution 
of commands. They are the Status register and the Error register. Each bit 
ef these registers is used to define a particular type of status or error 
condition. 


$e ee ee een ne + 
| Bit = 1 Status Register I _ Error Register | 
+—— +o 4-H — + 
1 : 7 { Busy | Bad Block Detect 1 
i 6 | Ready : | °° Uneorrectable I 
| bes | Write Fault 1 CRC Error ~—- ID Field | 
| 4 | Seek Complete | ID Not Found | 
| 3 | Data Request | _ | 
| = | Corrected ] Aborted Cormand | 
| 1 | - | TR@00 Error | 
| 4) | Error | DAM Not Found | 
he nn ee ee + 


4.5.1. Error 
When set, indicates that a bit is set in the Error 
register. It provides an efficient means of checking 
fer an error condition by the host. This bit is reset 
on receipt of a new commarid. 


4.5.2. Corrected 
Indicates that there was a read error condition either 
in the data field or the ECC check bits themselves, and 
that the controller was able to correct the condition. 


4.5.3. Data Request 

Funetions almost identically ta the hardware DRQ ‘ine. 
When set, it indicates that the sector buffer is ready 
ta accept data or contains data to be read out by the 
host. The Data Request bit is reset when the sector 
buffer has been fully read from car written to. 
Normally, the hest need wet consult this bit to 
determine if a byte should be transferred. 


4.5.4. Seek Complete 
Indicates the condition of the Seek Complete line on 
the selected drive. 


4.5.5. Write Fauit | 
Indicates the condition of the Write Fault line orn a 
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selected drive. The HDC-20@1 will not execute any 
command if this bit is set. 


4.5.6. Ready 

Indicates the condition of the Ready line of the 
selected drive. The HDC-2001 will not execute any 
commands unless this bit is set. 


4.5.7. Busy 


After issuing a command, this bit will be set, 
indicating that the HDC-2001 is busy executing a 
command. No other bits or registers are valid when 


this bit is set. 


4.6.1. DAM Not Found 
Will be set during a Read Sector command if, after 
successfully identifying the ID field, the Data Address 
mark was not detected within 16 bytes of ID field. 


4.6.2. TROO@O Error 
Will be set during a Restore command if, after issuing 
1024 stepping pulses, the Track @@2@ line was not 
asserted by the drive. 


4.6.3. Aborted Command 

Indicates that a valid command has been received that 
cannot be executed, based on status information from 
the drive. For example, if a write sector command has 
been issued while the Write Fault line is set, the 
Aborted Command bit will be set. Interrogation of the 
Status and/or Error registers by the host can be 
performed to determine the cause of failure. 


4.6.4. ID Not Found 
When set, this bit indicates that an ID field 
céantaining a specified cylinder, head, sector number or 
sector size was not found. 


4.6.5. CRC Error ID 
Indicates that a CRC error was encountered in an ID 


field. 
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4.6.6. Uncorrectable 
Indicates that an error was detected while reading the 
data field or ECC check bits and the error was 50 
severe that the controller was rot able to correct the 
condition. 


4.6.7. Bad Block Detect 

Indicates that a Bad Block Mark has been detected in 
the specified ID field. If the command issued was a 
write sector command, no writing will be performed. If 
generated from a read sector command, the data field 
will not be read. Note that bad block will not be 
detected if the flaw is in the ID field unless multiple 
ID fields were written. 
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Ss COMMANDS 


The HDC-2001 executes five easy to use macro commands. Most commands 
feature automatic ’implied’ seek, which means the host system need not tell 
the HDC-222@1 where the R/W heads of each drive are or when tc move them. 
The controller automatically performs all needed retries om all errors 
encountered including data field errors. Tf the data field contains an 
error, the controller will perform a correction, if possible. If the R/W 
head mispositions, the HDC-20@1 will automatically perform a restore ard a 
re-seek. If the error is completely unrecoverable, the HDC-2001 will 
simulate a normal completion ta simplify the host system’s scaftware. 


Cammands are executed by loading a command byte into the Command register 
while the controller is nat busy. (Contreller will not be busy if it has 
completed the previsus command.) The task file must be loaded prior to 
issuing a conmand. No cammand will execute if the Seek Complete or Ready 
lines are false or if the Write Fault line is true. Normally it is not 
necessary to poll these signals before issuing a command. If the HDC-2021 
receives a command that is not defined in the following table, undefined 
results will caccur. 
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szi. Command Summary : 
For ease of discussion, commands are divided into three types which are 
summarized in the following table: 


on a ne + 
{ | 1 BITS | 
| TYPE ! COMMAND i 7 6 3 4 3 2 1 | 
+—-—-——— +—-- He + 
aa 3 1! Restore 1 8 @ @ 1 r3 re ri rai 
| ~----—-—-- Ho ee ee eee $—-—— + 
i I. | Seek i @ 1 1 i r3 r2@ ri rai 
{ ---~—--—--— » Tantantantentaatentanbentententaemtantantenteatend $e + 
| II | Read Sector i @ @ 1 @ D M a o | 
——— fr ha + 
| II! I Write Sector i 4) 1 1 @ M L @ | 
| -------- fom eee fee nn ee + 
| III | Format Track i a 1 o@ 1 Q 4) 4) Q@ i 
a a a a ee a ee ee + 
L=Long Read/Write D=DMA Read Interrupt 
M=Multiple Sector rX=Stepping Rate 


Se isi. Stepping Rates 


wpe a eee + 
i r3-r@—- Stepping Rate | 
| enn er rrr re th me a rrr ree + 
{ GOB = 35 uS | 1000 = 4.8 mS | 
I 220i = a5 mS i 1001 = 4.5 mS I 
| 02129 = 1.90 mS | 1010 = 5.8 mS I 
@4iil = 1.5 mS I 1011 = 5.5 mS | 
| 0198 = 2.34 mS l 1100 = 6.8 mS | 
! igi = 2.5 mS i 11@1 = 6.5 ms | 
{ 9110 = 3.4 mS | 111@ = 7.@ mS | 
[2 Ziii = 3.5 mS I 1111 = 7.5 mS | 
oh ee eee op ee ee ee + 


3.1.2. DMA Read 


DMA Read Mode 


Programmed I/0 Mode 
DMA Made 


— O10 
ii uel 


The DMA bit is used ta position INTRQ in relation to 
DROQs during the read sector command. If the DMA bit is 
reset (D=0), the interrupt will occur before the first 
DRQ. This allows the programmed I/0 host to intervene 
and transfer the data from the sector buffer. If the 
DMA bit is set (D=1), then the interrupt will occur 
only after the system DMA controller has transferred 
the entire buffer of data. 
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S.1.3. Long Read and Write 


If the Long bit is set, a special diagnostic read or 


write will be performed. During normal reads or 
writes, the ECC check bytes are not visible to the 
user. The Long bit allows the user to read and write 


these nermally invisible bytes. 


During a Read Long, the HDC-2001 will return a sector 
that is four bytes longer than the selected sector 
size. These four bytes will be the ECC check bits as 


recarded an the disk. During a Write Lorig, the host 
give the HDC-2@@1 a sector that is four bytes longer 
than normal. These four extra bytes are recorded in 


place of the ECC bytes that are normally written after 
each sector. 


The Read and Write Long option may only be used when 
the HDC-2@@1 is ir ECC mode. 


2.2: Iype I Commands 

These commands simply pasition the R/W heads of the selected drive. Bath 
commands have explicit stepping rate fields. The lower four bits of these 
cammands form the stepping rate which 1s stored for later Read, Write ar 


Farmat aperations. 


Demers Restore 


The Restore command is used ta calibrate the pesition of the R/W head om 
each drive by stepping the head outward until the TRO@Y line gees true. 
Upon receipt af the Restare command, the Busy bit in the Status Register is 


set. Cylinder High and Cylinder Low registers are cleared. The lower 
four bits af the command byte are stored in the stepping rate register for 
subsequent implied seeks. The state of Seek Complete, Ready and Write 


Fault are sampled, ard if an error condition exists, the Aborted command 
bit in the Errar register is set, the Errer bit in the Status register is 
set, an interrupt is generated, and the Busy bit is reset. 


If no errars are encountered thus far, the internal head position register 
for the selected drive is cleared. The TR@Q@S line is sampled. If TR@WQ is 
true, an interrupt is generated and the Busy bit is reset. If TRO@WO is not 
Prue, stepping pulses at a rate determined by the stepping rate field are 
issued urntil the TR@W@ line 1s activated. When TR@OWO is activated, the 
Busy bit is reset and an interrupt is issued. If the TRQ@QQ line is neat 
activated within 1824 stepping pulses, the TR@@Q@ Error bit in the Error 
Register ard the Error bit in the Status Register are set, the Busy bit is 
reset, and an interrupt is issued. 
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5.2.2 Seek 

The Seek command positions the R/W head to a certain cylinder. It is 
primarily used to start two or more corcurrent seeks on drives that support 
buffered stepping.: Upon receipt of the Seek command, the Busy bit in the 
Status Register is set. The lower four bits of the commard byte are stored 
in the stepping rate register for subsequent implied seeks. Tke state of 
Seek complete, Ready and Write Fault are sampled, and if an error condition 
exists, the Aborted command bit in the Error register is set, the Error bit 
in the Status register is set, an interrupt is generated, and the Busy bit 
is reset. : 


If no errors are encountered thus far, the internal head position register 
for the selected drive is updated, the direction iire is set to the proper 
direction and a step pulse is issued for each cylinder to be stepped. When 
all stepping pulses have been issued, the Busy bit is reset and an 
interrupt is issued. Note that the Seek Complete line is not sampled after 
the Seek cconmand, allowing multiple seek operations to be started using 
drives with buffered seek capability. 


223. Irype Ili Commands 


This type of command is characterized by a transrer or a Giock oF data Tru 
the HDC-24@1 buffer te the host. TRLS aommana has arm implicit stepping 
rate as set by tne tasr nestore or Seek ccmmanu. 


na ee ae Oe Read Sector 


The Read Sectcr ceamarnd is used tr read a sector of data from the disk toa 


the hest camoutrer. Upor. receipt of the Reaa commana, the Busy bit in the 
Statue register 15 set. The state cf Seek Corpieta, Ready and Write Fault 
are sampled, and 1f an @rror condition exists. “Se Aborted Command bit in 


the Error register is set, the Error bit in tre Status register is set, and 
a normal completion is simulated. 


Implied Seek 


If no errars are encountered so far, a Seek command is executed. The seek 
Complete line is sampled. If the Seek Complete line does not go ‘true 
within 128 Index pulses, then the Aborted cammarnd bit in the Error register 
is set, the Error bit in the Status register is set, and ao normai 
cxampletiaon is simulated. 


Retries 


Once the head has settled over the desired cylinder, the HDC-2@01 will 


attempt to read the sector. The HDC-2001 cerforms all retries necessary to 
recaver the cata during the read command. The controller attempte 
read the desired sector up tu 1& times. It will attempt a retry if it ed 
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not find an ID, if the ID of that sector has a bad CRC, if the Data Address 
Mark (DAM) couldn’t be found, or even if the data was actually read from 
the disk but was in error. 


Error Correction 


If an error was detected while reading the data Field, the controller will 
attempt to correct the error, If the error was correctable, the Corrected 
bit in the status register will be set and the command resumed. :f it was 
uncorrectable, the Uncorrectable Error bit will be set, the Error bit in 
the Status register is set, and a normal completion is simulated. 


Anto Restore 


Every time the controller encounters an error, it records the occurrence of 
that error in an internal register. Tf. after 16 retries, the controller 
was not able to get a match on the ID field, it assumes that the head was 
possibly mis-positioned and executes an auto-restore. During the auta- 
restore, the steppirig rate is implied ts ve equal to the Seek Complete 
pericd. If the TRK@@O does not go true within 1024 steps, the TRK@Q8 Error 
bit in the Error register is set, the Error oit in the Status register is 
set and a normal completion is simulated. 


After the auto-restore has been successfully completed, che controller re- 
seeks and attempts ts read the sector once again. An auto-restore will bea 
performed monly once per read or write sector ccmmand. 


Hard Errors 


If the coarntroller encounters a non-receverable error, the cortroller 
examines its internal error history register. Tt then sets the bit in tne 
Er ricre Register of the highest severity error inc wired. If the 
Unceorrectable bit is set, the data that last produced that error will be 
available in the sector buffer. The Error bit in the Status Reoister 15 
set and a normal completion is simulated. 
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Error Severity Levels 


Although the HDC-2001 might encounter any number of errors in the course of 
executing a command, it only reports the most severe error. Errors are 
ranked from most severe to least severe as follows: 


1. Aborted Command 
2. TROOO® Error 

3. Bad Blocks 

4. Unecorrectable 


3. Data Address Mark Not Found 
6 ID CRC Error 


7. ID Not Found 


* ~- Bad Block will only be detected if there is no ID CRC Error or ID Not 
Found Error in the sector with the Bad Block bit set. 


Normal Completion 


If the HDC-2@0i encountered no _ errors, it i585 considered a rnormal 
completion. The busy bit is reset. The status of the DMA bit in the 
caommand byte is examined. If this bit is reset (D=03; programmed I/0 mode) 
then an interrupt is issued at this time. DRQs are then generated for each 
byte to be read from the buffer. (Note: It is reconmended that programmed 
I/O transfers should take place as a block move without consulting the DRQ 
bit in the Status Register.) After all the data has been moved from the 
buffer, the DMA bit in the command byte is consulted again. If this bit 1s 
set (D=1; DMA mode) then an interrupt will be issued. 


5.3.2. Multiple Sector Reads 


If the M bit in the command byte is set, ther tne HDC-20@1 wili attempt to 
read multiple sectors. After all the data nas been transferred from the 
sector buffer to the host on a read, tne Sector Number register is 
incremented, the Sector Count register is decremented, ard if the Sector 
Connt reaches zero or if a fatal error is encountered, the HDC- @@1 will 
stop and interrupt the host. 


Wher a Correctable error is encountered during a multiple sector read, the 
mccurance of the errar is logged, but no interrupts are generated. After 
the whole multiple transfer is complete, the hast can read the Corrected 
bit wf the Status register ta determine if any autamatic corrections have 
taken place. 


This type of command is characterized by a transfer af a bleck of data from 
the hast to the HDC- B@1l buifer. TRese cammands have implicit stepping 
rates as set by the last Restore or Seek command. 
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5.4.1. Write Sector 


The Write Sector command is used to write a sector of data from the host 
eomputer to the disk. Upon receipt of the Write command, the controller 
generates DRQs for each byte to be written to the buffer. (Note: It is 
reconmended that programmed I/0 transfers should take place .as a block move 
without consulting the DRQ bit in the Status register. ) 


After all data has been sent to the sector buffer, the Busy bit in the 
Status register is set. The state of Seek Complete, Ready and Write Fault 
are sampled, and if an error condition exists, the Aborted Command bit in 
the Error register is set, the Error bit in the Status register is set, an 
interrupt is generated and the Busy bit is reset. 


Retries 


Once the head has settled over the desired cylinder, it will attempt toa 
read the ID of the sector. The HDC-2001 performs all retries necessary to 
recover the Id during the write cormnand. The controller attempts to read 
the ID of the desired sector up to 16 times. It will attempt a retry if it 
aszesn’t find an ID or if the ID of that sector has a bad CRC. 


Auto Restore 


Every time the controller encounters arn error, it records the occurrence of 
that errear in an internal register. If, after 16 retries, the controller 
was nat able to get a-match on the ID field, it assumes that the head was 
possibly mis-positicsoned and executes an auto-restore. During the auto- 
restore, the stepping rate is implied to be equal to the Seek Complete 
period. After the auto-restore has been successfully completed, the 
cortraller re-seeks and attempts to write the sector once again. 


Hard Errors 


If the controller encounters a non-recoverable error, the controller 


examines its internal error history register. It then sets the bit in the 
Error register of the highest severity error incurred. The Error bit in 
the Status register is set, an interrupt is generated and the Busy bit is 
reset. 


If the proper sector is located, the sector buffer is written to the disk, 
an interrupt is generated and the Busy bit is reset. 


-...2. ‘Format Track 


> Foarmat Command is used for initializing the ID and data fields on a 
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particular disk. Upon receipt of the Format command, the controller 
generates DRQs for each byte cf the interleave tabie to be written to the 
buffer. Information on setting up an interleave table can be trurd in 
Section 7. In all cases, the number o~ +t *es = ravsterread to the “= iffer 
must correspond to the current sector size. 


After all data has been set to the buffer, tne Busy bit in tre Status 
register is set. The state of Seek Completa. Ready aro write Fauis i:nas 
are sampled. If an error condition exists, the Aborted Command bit ~- the 
Error register is set, the Error pit in the Status register is sat. an 
interrupt is generated ard the Busy bit is reser. 

( 


Implied Seek 


If no errers are encountered so far, a Seek command is executed. Vo 
verification of crack positioning accuracy is performed because the t ck 
may not have any ID fields present. After the Seek operation has tren 
performed, the Seek Complete line is sampled. If the See Commlete tin- 
is not asserted within 128 Index pulses, the Aborted Command bit in the 
Errar register is set, the Error bit in tne Status register is set, an 
interrupt is generated and the Busy bit is reset. 


Once the head has settled cver the desired cylinder, the contraller waits 
umtil the Index line is asserted. Jnee the index is frurd. a numhner af TH 


fields and nulled data fields are written to the disk. The number of 
sectors written 15 equa: 73 the cintents of the Sector Cuunt Register. AS 
Bach sector is written tne Sector Cunt Register 1:5 cacrementec, and 


consequently, must be wacatsed before each format cperation. 

After the last sector 15 written, the controller oack-fills the track with 
4E*s. When the next andex pulse after the last sector 15 written 15) 
encountered, the format operation is terminated, an interrupt is cererated 
arid the Busy bit is reset. 


Track Farmat 


The Farmat command formats the track using the followirig format: 


REPEATEO N TIMES 


14BYTES CYL! oy | sec eae 2Bigyres RATA [op 13 8Y 
| st | “ase | foo on “20H 60 rats [et oot 
’ ' 
ID FIELD DATAFIELD 
200 nS. MIN. INDEX PULSE 
WRITE GATE ae 


NOTE: 5) The 2 LS8's of tha 'CENT wig ara usiad tor 
cylinder high. 
1) When MSB8 of SH byte = 1, bad block is These values are: 
detected. FE 0% 255 “findars 
2) Write Gate tum-on is 3 bytes after the 1D field's FF-256to S51! cyincers 
CRC byte. *C -§12'90 767 olinders 
3 ~=—s Write Gate tumoff is 3 bytes after the Data FO- EG 19230 cainders 
Fiaid’s check bytes. 26 
4) 12 bytes of zeroes are re-written ona Data Field 


update. 
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6 PROGRAMMING 


Users familiar with floppy disk systems will find programming the HDC-2801 
a pleasant surprise. A substantial amount of intelligence that was 
required by the host computer has been incorporated into the HDC-2001. The 
HDC- @@1 performs all needed retries, even on head positioning errors. at 
there is an error in the data field, the HDC-2001 will attempt to correct 


it. Most commands feature automatic 'implied® seek which means that seek 
commands need not be issued tc perform basic read/write functions. The 
HDC-2001 keeps track of the position of up to four read/write head 
assemblies, sa the host system does not have to maintain track tables. All 


transfers to and from the disk are through an on-board fult sector ouffer. 
This means that data transfers are fully interruptable and can take place 
at ary speed that is convenient to the system designer. In the event of an 
unrecaverable errar, the HDC-2@@1 simulates a normal completion so that 
special er-or recovery software is not needed. 


This secticn assumes that the user has read sections five (Task File) and 
six (Commancs). 
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si. Setting up Task Files 

Before any of the five commands may be executed, a set of parameter 
registers called the Task File must be set up. For most commands, this 
informs the HDC~20@1 of the exact lacation on the disk that the transfer 
should take place. For a normal read or write sector operation, the Sector 
Number, the Size/Drive/Head, Cylinder Number and Command register (usually 
in that order) will be writter. 


Note that mast of these registers are readable as well as writable. These 
registers normally are not read from, but this feature is provided so that 
error reporting routines can determine physically where an error. occurred 
without recalculating the sector, head and cylinder parameters. 


Since the HDC-2001 can recall all the Task File parameters sent toa it, it 
is recommended that Task File parameters be stored in the HDC-2001 as they 
are calculated. This will save the programmer a few instructions and 
microseconds by not maintaining two copies of the same information. . | 


6.1.1. Cylinders and Tracks 


Since most hard disk drives contain more than cone head per positiorer, it 
18 mare efficient to step the R/W head assemblies of most disk drives by 
cylinders, not tracks. In other words, the disk driver seftware should be 
desiqned to read cor write all data that is directly accessible by all the 
heads ‘on a positioner before stepping to a rew cylinder. The fallowing 
example illustrates a cylinder-by-cylinder sequertial file read on a four 
head, two platter disk drives 


$a ee ee ee ee ee + 
| Fhysical | Lagical 1 Phygical |! Physical (! 
[ Cylinder ' Head Number [! Head Side ! Platter ! 
em re ee eee ee Sar Se  atoeteetantetanetinal on ee ee aoe ome hm oe a ee ee ee + 
1 25 1 3 a Top i B | 
| red =) @ i Bottom | A 1 
] 26 \ 1 i Top i A 1 
| 26 2 ! Bat tam : B | 
| 26 f 3 j Top | B | 
| 27 i a ! Bottom | A ! 
fe a ee ee ns cates me ma ones ee eee nem cet ew sen ees ret coe ney ste em ee nm Met mee oe te Sm re ne He ee ce ne ee ns me Sr Se Me at mt aD SY Sm SET Se see ee + 


6.2. Type I Command Prcoaramming 

Restore and Seek are Type I[ commands. These commands position the R/W 
heads of the selected drive ana set the implied stepping rate register. No 
data is transferred to or from the Data Register. Tx execute a Type I 


command, the systen software must doa the Follewing functions in this orders 


1. Set up Task File and issue command with stepping rate’ 
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(HDC-2001 will attempt to execute Type I command) 
e. Wait for interrupt or for Busy bit in Status Register to be reset 


3. Check Error bit in Status Register for proper completion. 


6.2.1. Stepping Rates 


Most drives that use the HDC2 @01°s 35 uS stepping rate require a slower 
rate (usually 3 mS or more) for Restore operations. This is why the HDC- 
2@01 allows you to have explicit stepping rates on both Restore and Seek. 
Upon power up, it is good practice to issue a Restore command with a slower 
stepping rate to recalibrate the head assembly. After waiting for that 
operation to complete, issue a Seek conmand with the faster stepping rate 
to set the stepping rate for subsequent implied seeks. 


6.2.2. Use of Busy bit 


There are twa different ways to sense the completion of a command. The 
first way, for smaller single user systens, is to poll the Busy bit of the 
Status Register. The Bus bit (bit 7) is set whenever the controller starts 
a disk operation and is reset whenever the controller is ready to 
communicate with the hast computer. 


The HDC-2@01 busy bit is lacated in the same place a the sigr bit of many 
computers to simplify the polling process. 


This is one way to poll this bit using 8080 code: 


WAIT: |. IN STATUS sInput HDC-2001, update sign flag 
ANA A sUpdate 8082 sign flag 
JM WAIT sWait if busy (sign) bit set 


6.2.3. Use of Interrupts 


Anather more efficient way of notifying the CPU that the HDC-2401 has 
cempleted a command is through interrupts. The INTRO line on the HDC-2 0@1 
makes a law to high transition whenever the disk controller requires CPU 
interventicm. This allows the host CPU to run other tasks while the HDC- 
2@@1 is reading or writing data to the disk. 


6.2.4. Use of the Error bit 


Since the HDC-2201 simulates rormal completions, it acts the same whether 
or not errors are encountered. The only way to check error status is to 
check the Error bit in the Status register. The HDC-20@1 Errer bit is 
located so that it can be easily tested by rotating it into the carry bit 
of many processars. The caontents of the Error register are rot valid 


unless the Error bit is set. 
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This is one way to check the Error bit using 8088 code: 
IN STATUS ;Get status (if rot already in A) 
RAR s;Rotate error bit into C 


Jc ERROR gJump if error found 


6.2. 5. Use of the Corrected bit 


Correctable errors are usually quite benign and can almost always be 


iqnored. However, some systems designers may wish to log their occurence. 
The Cerrected bit is positioned in the Status register to facilitate error 
logging. Correctable and fatal errors can be detected with the following 
8282 code: . 

IN STATUS s;Get HDC-20@1 status 

ANI 5 sMask off Error and Correct bits 


JNZ SOMERR sJump if we have either a correct-— 
sable or fatal error 


6.2. Iype Il Command Programming 


The Read Sector command is the only Type II command. This command is 
characterized by the transfer of a block of data from the HDC-2001 buffer 
to the hast. This command features implied seek with an implicit stepping 
rate. To execute a Type II single sector command in programmed I/0 mode, 
the system software must do the following functions in this order: 


1. Set up Task File and issue cammand with DMA bit reset 
(CHDC-2201 will attempt toa read sector) 
=. Wait for interrupt or for Busy bit in Status Register to be reset 
3. Do block move from HDC-2@01 buffer to system memory 
4. Check Error bit in Status Register for proper completion 


Notes Steps 3S and 4 above can be reversed. 
To execute a Type II single or multiple sector command in DMA mode with 
interrupts, the system software dees the following: 


1. Set up Task File and issue command with DMA bit set 

2. Set up DMA controller 
(HDC-20@1 will attempt to read Single ar multiple sectors) 
(DMA controller will move data from HDC-28@1 to memory) 

3. Wait for interrupt from HDC-2001 

4. Check Error bit in Status register for proper completion 


Note: The above sequence is preferred but steps 1 and é@ above can be 
reversed. 


6.3.1. DMA Mode 


The DMA made bit (D) in the above read sector examples isa special bit in 
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the command byte that is used to optimize the HDC-2801's interrupts during 
programmed 1/0 and DMA operations. If the DMA bit is reset (D=#0) the 
interrupt will come before the buffer is transferred. This allows a 
programmed I/0 host to intervene and transfer the buffer of data. If the 
DMA bit is set (D=1) then the interrupt will happen only after the data has 
been transferred. This allows the host to go uninterrupted until the 
entire buffer has been transferred. 


6.3.2. Block Moves 


The HDC-2001 performs all transfers between it and the disk drive through 
an on-board full sector buffer. Once the disk has been read, the data is 
available to the host at any rate from DC to as high as a byte every 1.75 
US. In programmed I/0 applications there is no need to consult the DRQ bit 
in the status register to determine if another byte is ready two be 
processed. Once an interrupt occurs or the busy bit is reset on a read, 
the hast computer should do a block move of all the bytes in the sector. 


The following 8988 code demonstrates a transfer from the HDC-2 @@1 to system 
memory. The transfer address is in HL and the byte count is in B: 


READIT: IN - DATA sGet data from HDC-2001 sector buffer 
MOV M,A s;Store it in memory 
INX H siIncrement memory pointer 
DCR B ;Decremerit byte counter 
JINZ READIT 3Do it again if whole sector not xfered 


The following Z-8@ instruction does it all. The transfer address is in HL, 
byte count is in B and HDC-20@1 data register address in C: 


READIT: INIR ;Transfer buffer from HDC-2801 to memory 


6.3.3. Using DMA 


There are several features in the HDC-2001 which simplify the use of DMA. 
Of course, there’s the DRQ line that makes a low to high transition for 
each byte to be transferred. As mentioned earlier, there is a special bit 
im the Read Sector command which optimizes the HDC-2001 interrupts for DMA 
operation. 


6.3.4. Multiple Sector Transfers 


The HDC-20@1 can transfer more than one sector per command if interfaced 
using DMA and interrupts. Transfers as large as an entire track can be 
executed. The Sector Court register holds the number of records to be 
transferred. (If Sector Count is zero then 256 records will be 
transferred.) The Sector Number register holds the starting sector of the 
transfer. When a multiple sector transfer is successfully completed, the 
Sector Count register will be equal to zero and the Sector Number ia ia Z 


will be equal toa the last sector transferred plus ore. 
{ 
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If a fatal error is encountered during a multiple sector transfer, the 
Sector Number register will be left pointing to the sector that cortained 
the fatal error and the Sector Count register will hold the number of 
sectors that were not transferred. 


If a correctable error is encountered during a multiple sector read, the 
corrected bit in the Status register will be set but the operation will not 
be terminated because correctable errors are not considered fatal. ~ 


Partial Sector Transfers 


The HDC-20@01 allows partial sector transfers on read operations. This 
allows the user to read the first part of a sector and then discard the 
rest. During programmed I/0, the byte counter in the black move routine is 
set to the number of bytes to be read.- During DMA operations, the DMA 
controller is set with the number of bytes to be transferred. 


Normally the HDC2.@@1 will interrupt the host after the sector has been 
transferred during a DMA read operation, but if a partial sector has been 
read, the HDC-2@@1 will rot know that the operation has been completed. 
For this reason, the ‘transfer complete’ interrupt must come from the DMA 
contraller. There is, still, a problem. During write sector caperations, 
the DMA controller will interrupt the system after the buffer has been 
transferred to the HDC-20%1 but before the data has beer written. Some 
systems with advanced interrupt handling capabilities can easily mask off 
the spurious DMA interrupt. For those that can’t, the HDC-2@01 has a 
prevision built inte its command structure to detect read cperaticans. 


Interrupt Saurce Selection 


“Bit 4 of all comaands determines whetner the Soaratic an will be a read 
sectcr operation or something else. Those commands that require the 
interrupt from the HDC-28@01 have this bit set toa l. The read sector 
command (the only one that might need the DMA controller’s interrupt) has 
this bit set toa Q@. 


Clearing Hardware DRQ 


During partial sector reads, the DMA controller will stop the DMA transfer 
before the HDC-20@1 has a chance to issue its last data request. Because 
of this, the DRQ@Q line may be set the next time transfer parameters are sent 
to the DMA controller. To avoid spurious (and often fatal) DRQ’s, the user 
must da a hardware clear of the DRO line. This is accomplished by reading 
mr writing the Cylinder Low register. (This will only clear the DRG line. 
The DRQ bit in the Status Register will be indeterminate.) This action is 
typically dene bafore a subsequent read or write sector command in the 
normal course of updating the Task Fils Care should be exercised to insure 
that the DMA ceontroallier has passed its Nahaneeere only after the Task File. 
is updated. . 
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6.3.5. Simulated Completions 


All HDC- 2201 commands (except multiple sector transfers) act in precisely 
the same manner, whether or not an error was encountered. The only way to 
detect that an error has occurred is to sample the Error bit in the Status 
Register. Simulated Completions offer the system designer several tangible 


benefits. 


Simplifies maskirig and generation of interrupts 


im) 

a Simplifies non-error handling portions of the system software 

2 Eliminates the software averhead af handling different types of errors 

> Simplifies system software error handling validation (any error is 
handled the same as any other error) 

ca Prevents system failure in the event of some obscure error condition 
that the system programmer did not anticipate 

6-4. Type Lil Command Programming 

Write Sector and Format are Type III commands. These commands are 

characterized by the transfer of a block of data from the host to the HDC- 

20@1 buffer. Like Type II commands, these commands feature implied seek 

with an implicit stepping rate. To execute a single sector Type IIl 


command in pragrammed I/0 made, the system software must da the fallaowing 
Functions in this orders 


Ls Set up Task File and issue command 
&. Da block mave from system memory to HDC-24801 buffer 
(HDC-2 821 will attempt ta write a sector or format) 
3. Wait for interrupt or for Busy bit in Status Register to be reset 
4. Check Errer bit in Status Register for proper completion 


To execute a single or multiple sector Type III command in DMA mode with 
interrupts, the system software does the following: 


1. Set up Task File and issue command 
me Set up DMA ceontroller 

3. Wait for interrupt from HDC-2a01 . 

4. cneck Error bit in Status Register for proper completion 


“inte: Steps i and & above can be reversed. 


33 


HDC-2001 HARD DISK CONTROLLER Technical Manual PROGRAMMING 


6.4.1. Formatting 


The format command is very similar to the write sector command, except 
instead of. filling the sector buffer with user data, it is filled with 
interleave and bad block information. Two bytes will be written to the 
buffer for each sector to be formatted. 


~ 


The first (lower) byte will be either a @2 or an 8@ in hex. if the lower 
byte is a @@, the sector is marked as good. If the lower byte is an 82, 
the sector will set the Bad Block bit in the Status Register if there is 
any attempt to read or write to it. Please see cautions in section on bad 


black mapping. 


The second (upper) byte is the logical sector number of the next sector to 
be formatted. This number will be recorded on the disk. The Sector Number 
register is not used during Format. 


Or a 3&@ sector per track disk, 32 pairs of formatting information must be 


supplied to the drive during each format operation. To start the format 
operation the buffer must be campletely filled, even if the sector table is 
nat as long as the buffer. On a 32 sector per track disk, 64 bytes of 


formatting information are supplied. If the sector size is 256 bytes then 
192 bytes of garbage must be passed to the controller to start the format 
operation. 


Since the contents of the sector buffer do not imply how many sectors are 


ta be formatted, a dedicated register is provided. This Sector Count 
register must be loaded with the number of sectors ta be roermatted before 
each and every format cperation. To calculate the maximum number = of 


sectors per track, see Appendix C. 


6.4.2. Interleaving 


If we try to read physically sequential sectors on the disk, there 18 not 
enough time for us to set up to read or write the next sector before it has 
passed by the read/write head. This means that the disk will have to make a 


complete rotation to pick up the naxt sector. If we were to read all 32 
sectors on a particular track it would take 32 rotations, or about a half a 
second per 8H bytes. - This performance can be tremendsusly improved = by 


allowing the system to read or write more than cone sector per rotaticn. 
This can be accomplished with interleaving. 


Suppose our system takes less than three sector times (3/32 rotational 
period with @56 byte sectors) to digest the data that it has read ard to 
set up the next read operation. That means that if we can arrange to have 
the second logical sector placed physically only four sectors away from the 
first one, the controller will be able to read it without much delay. This 
four to one interleave factor will allow us to potentially read the entire 
track in only four rotations. Irn cur particular example, this will 
increase the throughput be a factor of eight. 


The simplest way ta determine the cptimum interleave for any particular 
system is through experimentation. If the system maintajns its directories 
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or virtual memory swapping areas in a certain place or the disk, it 
sometimes makes sense to have more than one interleave. 


To simplify driver software, the HDC-2901 will autcmatically map logical to 


physical sectors ta achieve interleave. This logical to physical map is 
recorded on each track of the disk in the ID fields of the sectors. This 
nano is recorded cn the disk during the format cperation. Here is an 


example of an interleave table for a 32 sector track with 4:: interleave 
and no bad blocks: 


Interleave table with 32 sectors and 4:1 interleave 


22 O82 O82 O8 O@ 19 B28 18 BB B1 OB B9 B® 11 Bw 19 
22 22 23 BA OB 12 22 1A BB 23 20 OB BW 13 2 1B 
wa 24 20 OC O22 14 O iC 2 2 OD AD OB 15 AB ID 
2 2 22 BE 82 16 2 1£ O20 O7 BO OF BB 17 2 IF 


Remember: The balance of the buffer must be filled with something to start 
the format operation. 


The first byte in each byte pair in the preceding example is set ts M2 
This marks each block as a 'qood’ block. The secemd byte of eacn byte pair 
is the logical sector number. The first byte pair ahnve renresents the 
first logical sector of the track. The underlined byte pair represents the 
second logical sector. 


6.5; Bad Block Mapping 


The Winchester and thin filtm technology drives that interface to the HDC- 
2001 often do not have perfect media. Imperfections 1n the media allew much 
more latitude in what the media manufacturers can ship, Significantly 
bringing down the cost «ef the media and, consequently, the drives. 


The wser is required to map out these imperfecticris.. There are many ways 
it can be done, some of which are highly operating system dependent. rere 
are a few ideas: 


6.5.1. Sector Pre-allocation 


If the aperating system Supports random sector or group allacation, the bad 
blacks can sometimes be mapped wut by recording an un-deletable file using 


all the bad sectors on the disk. When the operating system tries ta write 
to the bad black, it will see that the sector or groiuo that contains the 
error has already beer allocated. The operating system will automatically 


map over the bad sector. 


There are a couple of minor restrictions associated with this form of tad 
block mapping. The file that contains the bad sector must never oe moved 
to another section of the disk. The bad sector file mav not ce read (for 
ebvieus reasons) and reads or write ts the disk, that do nat consult “he 
disk allecaticon map (physical reads/writes), are not allowecd. 
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6.5.2. Alternate Tracks 


This method works on most cperating systems but, it requires more software 


everhead. Whenever a read or write is attempted, the track number 
(cylinder and head select) is checked against a table maintained by the 
operating system or driver. If the track number matches the table, the 


driver knows that there is a flaw somewhere on that track. The driver will 
look up the alternate track for that flawed track and the read or write 
will be performed elsewhere. 


The primary disadvantages of this type of bad block mapping is its rather 
high seftware overhead. When the system is brought up, the alternate track 
table has toa be read from some flawless areas of the disk. After it has 
been read, every read or write operation must check the alternate track 
table before performing its respective oaperationi. 


The HDC-2001 bad block marking and detection facility is useful for 
eliminating the software overhead of looking up each track number before 


each write is performed. During format, all the sectors of the bad track 
shauld be written redundantly with the bad block bit set (See section on 
Bad Black bit below). When any read or write is attempted on the bad 
track, the HDC-2@01 will interrupt with the Error bit in the Status 
register and the Bad Block bit in the Error register set. The driver can 
then look up the alternate track in its internal table ard resume the 


mperatiorn. 


6.5.3. Spare Sectors 


This method is. probably the simplest to implement in mast systems. Its 
primary disadvantage is that at least one sectcr must be set aside as a 
spare fer each track. During format, the physical sector that contains the 
flaw is written with some illegal sector number. The physical sector 
following it contains the real logical sector and its data. In the 
following interleave table, the user mapped out the fifth physical sector 
by telling the HDC-20@01 to write a legical sector number of FF to it. 


Interleave table with 32 sectors and 4:1 interleave with physical sector 
five mapped cuts. 


.0@ @2@ @2 O28 2 12 2 18 A FF a Ai BO BD DM 11 
22 419° 28 O82 828 BA A 12 B 1A OB B3 QB 2B A 13 
02 1B @0 @4 @8 @C a2 14 B@ 1C O2 @5 ea @Dd we 15 
Q@2 1D @@ 26 8 @E 2 16 @8 16 B@ O7 BD OF od 17 


“Please note that when formatting the disk in tnis manner, at tieast one 
~ secter must have ar illegal sector number. Rlso, since we have allacated 


‘ore ‘sector to bad block mapping, we mo lemger have a sectc IF. 


6.5.4. Bad Block Bit 
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The HDC-2001 Allows the user to set a marker that is recorded into the ID 
field. When the HDC-20@1 attempts to read or write a sector with a bad 
block mark set, the operation will be aborted and the Error bit in the 
Status register and the Bad Block bit in the Error register will be set. 
The Size, Head, Cylinder, Sector and ID CRC fields of the selected sector 
must be correct in order to detect the bad block mark. 


To insure that the Bad Block bit can be read even though some ID fields may 
be defective, the ID fields must be recorded redundantly. In order to make 
this possible, the HDC-2801 includes a special variation of the Format 
command. Wher a Had Block bit in the interleave table is set during 
format, the HDC-2001 records only the ID field of that sector. No data 
field is recorded. This helps toa make room for redundant ID fields. 


In the following interleave table the user has marked all the sectors with 
a bad block mark and recorded all sectors redundantly. The interleave is 
not very important here because the driver (hopefully) will not attenpt to 
read bad sectors sequentially. 


Interleave table with redundant sectors, rom r1nterleave, an all sectors 
marked as bad blocks: 


89 ao 82 Bi 82 c 82 93 86 2 82 8 80 46 B88 a7 
82 28 8@ 89 82 BA 86 BB B86 BC BA BD SA BE BH BOF 
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7 THEORY OF OPERATION 


The HDC-2001 hard disk controller is a discrete implementation of all 
funetions required to control SA1@00/STS@6 compatible Winchester hard disk 


drives via the S-100 bus. The controller is fabricated using a mix of 
high-speed bipolar and NMOS devices contained on a single, @-sided PC 
board. The desiqn of the circuitry makes use of a high-speed 


Microcontroller, the 8X30@, newly developed NMOS support devices, Schottky, 
and low power Schottky devices to achieve low component count and low cost 
while maintaining high performance and reliability. All I/0 comnections are 
made using standard ribbon cable cormectors. Standard pin-out 
configurations for disk interface connectors are provided to permit direct 
pin-for-pin cormection ta SAIBAQ compatible 8" drives and STS@6 compatible 
9-1/4" drives. All power fer the board can be supplied from a single +8 
Volt power supply. All hast to disk data transfers are buffered ‘by = an 
onboard RAM to achieve totally asynchronous transfers to and from the disk 
by the host. In addition, the HDC-2@@1i has the ability to perform error 
correction (ECC) using firmware and a custom designed NMOS device. 


The HDC-20@1 is available in two different formats - a 5-1/4" or 8&8" board. 


The disk controller is built around 5 basic sections: 


1. Frocessor functions 

2. Serial data separation 

3. Data conversion, checking and correcting 
4. Serial data generation 

De Host interface functions (S-100) 


7.@- Processor Eunctions 


All functions of the HDC-2001 controller are ultimately controlled by the 
enboard processor. Due to the high data rates associated with hard disk 
drives, processing of data and control of machine functions within the 
circuitry requires a processor capable of extremely fast execution speed. 
The processor used is the 8X300, a bipolar microcontroller, particularly 
well suited for handling data efficiently at high rates. 


The 8X3@0 is operated at a basic clock rate of 8 MHz and perforn: all 
operations within @ clock cycles, giving it a speed of 4 MIPS (Million 
Instructions Per Second) or one instruction executed every 259. rsS. The 
architecture af the precessor is different From most popular 
microprocessors in that no common data or address bus is provided to be 
shared by RAM, ROM or peripheral devices. 


Instructions are fetched from ROM via a dedicated instruction address and 
data bus. The instruction address bus (IAL3-IAQ) is capable of directly 
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accessing 8K words of program storage. The HDC-2@@1, however, uses only 
the first 10 address lines, limiting onboard program storage to 1K words. 
Program data is input to the 8X3@0 on the Instruction Data Bus (IDI5—-ID@) 
as 16 bit words which are decoded to perform the desired operation. All 
bus designations utilized by the 8X300 are reversed from the traditional 
LSB to MSB weighting. On the HDC-2201 these lines have been renamed on the 
schematic, using traditional weighting to provide a more conventional 
designation system for the board. 


Data is transferred between the processor ard it ports on a separate 8-bit 
bus called the "IO" bus. This bus is active low. It must be noted that 
this bus is in no way related to the instruction data bus ard should be 
thought of as simply an &-bit bi-directional [0 bus for the 8X380. In fact, 
it has beer renamed as I0W-I107 to reflect this definition. 


Pee Fast IO Select 


An extension byte has been added onto the instruction data memary ta 
provide port access decoding on an instruction by instruction basis. This 
"Fast I0 Select" byte is not processed by the 8X30; rather it is decoded 
by atuxiliary hardware to provide @ read strores, & write strobes, ard 8 
single bit output ports which route data ta the various devices distributed 
along the IO bus. 


The write part of the Fast I0 byte is latched into a 4-—bit latch ard the 
input of a decoder/latch on the trailing edge of MCLH. This ensures”) that 
data remains stable during the entire instruction. The read strobe and 
write strobe are selected through a pair of 1-cf-8 decoders which are 
alternately enabled by the SC- control strobe produced by the 8x3. 


It also provides latch-address data to the addressable latch for drive and 
ECC control signals. To provide edoes on read strobes during sequential 
read operations from various ports, the read strobe decoder is always 
disqualified at the end of instruction hy MCLK-. Because each decoder has 
a unique input and the latch is directiy addressable, it is possible to 
select any read port with any write port, during each instruction. 


7.2.2. Internal Bus Control 


Several bus control signals are produced by the Ax300 to identify and 


strobe the data on the IO bus. SC- is a sigvyal which determines the 
direction of the data to arid from peripherals. When 5C- is false, (during 
the first half cycle) the 8xXS40 inputs data fram the 10 bus. When SC- is 


true Conly during the second half cycle), the BY 34a outputs data toa the I0 
bus. The HDC- 20@1 allaws G-bit tmmediat@ data moves from the 8X30@ to ary 
output part within one instruction, instead of the narmal S-bit immediate 
moves provided for by the instructian set. 


All iainstruction fetches occur iate in the second cycie af the preceding 
instruction. This time is marked by the generation of a 65 nS (nominal) 
active high pulse called MCLK, wnich oceurs every instruction. On some 
ports, MCLK is also used to iatch data prior to being input on the IO bus 
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to insure stability during reads, and to disqualify read strobes which 
would otherwise remain true into the second clock cycle of any instruction 
which does not write to a port. 


All I/0 ports on the 8X3@0 are logically divided into two address spaces. 
This address space is qualified with RIGHT BANK SELECT (RB-). All HDC-20@1 
I/O ports, except RAM, appear in the left bank address space. The RAM is 
placed in the right bank and the right bank signal is run directly to the 
CS- inputs of the RAMs to avoid the propagation delays associated with the 
Fast 1/0 Select logic. This allows slower RAMs to be used and provides 
better access margins on read operations. 


Te Be Se Reset Circuit 


The 8X300 is held reset for approximately 48 mS after initial power-on. 
This is accomplished by an RC network (R@4:R5, C24:C16 and CR1i:CRi) which 
drives a Schmitt trigger to provide a proper rise/fall time on the RESET~— 
line af the 8X300 and various port latches. Alternate reset of the HDC- 
2021 can be accomplished by asserting MR- whenever the host wishes to reset 
the controller. A Sehmitt trigger is provided with a 4.7K pull-up to 
buffer the MR- input from the host. RESET- also propagates to the drive 
control latches, the host interface Support Logic Chip, and the INTRG and 
DRQ latches. 


7.2.4, Processor Power Supply 


Power is supplied to the 8X302@ from the +5 Volt (Vcc) power bus. Due to 
the internal operation of the 8X308, an on-chip voltage reference is 
provided. to produce bias to an external pass transistor which drops Vcc to 
the 8X30 to approximately +3.@ Volts. § This supply is used internally by 
the 8X300 logic and all signals of the 8X300 are internally level shifted 
to be TTL compatible. 


CeCe De Read and Write Ports 


Throughout the circuit, output ports consist of D type latches using write 
strobes (WR@-7) to latch data into the ports. Reading of ports is 
accomplished by using read strobes RD@, RD@&, and RD4-6. The read strobes 
individually enable selected tri-state output devices on the I0 bus. 
Additionally, two read strobes are used to clock the host DRQ@ and = INTRQ 
latches for instructions not requiring data from a port. This ensures 
glitchless operation of the Fast I0 port decocers. 


7.2.6. Read/Write Memory 


Since the 8X30@@ does not permit data to be saved or retrieved from 
dedicated program storage, RAM must be installed on the IO bus and it must 
be accessed via the I0 bus by I/O instructions like all other port 
accesses. To provide for addressing the RAM, three latch/counters are 
cornmected to the I0 bus ta receive and store addresses required to access 
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the RAM. 


RAM Addressing 


The RAM address bus (RAB-RAY) uniquely addresses 1024 memory locations. As 
each counter chip reaches a count of @, it will set a borrow condition to 
the next higher counter which will be decremented at the end of the next 
access to RAM. When all bits of the address have been reset, the ROVF—- bit 
on the last counter will be reset, providing arn overflow status which can 
be read by the processor. By setting various beginning address values, 
ROVF- can be used to mark the end of any RAM access loop from 1 to 10834 
bytes in length. In the HDC-2@01 this function is used for setting sector 
buffer lengths of 128, 256 and S12 bytes in the normal mode and 132, 260, 
516 in the long mode. 


Sector Buffering 


All data read from the disk or written to the disk is passed through the 
RAM to provide buffering required for asynchronous data transfer between 
the host and disk. The counters are post-decremented so that addresses are 
stable to the RAM by at least one instruction prior to the actual access. 
This preselection feature effectively reduces RAM access time to the output 
enable and propagation time of the RAM for read operations and the width of 
the minimum WR- strobe pulse for write operations. 


RAM Accessing 


RAM access is initiated by RB- which is output by the 8X3a@a. Data to be 
read from RAM will be placed an the [0 bus whenever RB- is low and SC- is 
high. Data is written into a selected RAM cell on the trailing edge af SC- 
if RB- is low. During writes, RB- will be low for at least 120 nS so that 
data setup time requirements are met. 


Scratchpad Operations 


Because the RAM address counters are presettable direct reads and writes to 
a specific address are possible. However, resalution of the address is 
limited ta the nearest fourth address location. this limitation is imposed 
so that a full ten bit address can be specified with a single eight bit 
output. The least significant two bits are implied to be 10 (binary). 


7.2.7. Miscellaneous Control Ports 

Control of the varicus functional sections of the HDC-2081 is accomplished 
by a dedicated 6-bit control port called the MAC CNTRL and an addressable 
latch. MAC CNTRL enables the functions of the WAIT control circuitry 
(WAEN-), ECC generation (ECCIZ-), gating of read data into data separation 
circuitry (RGATE), selection of read or write functions (WRITE-), control 
of ECC check word output (1BLA-), and AM detection (SRCH). MAC CNTRL 
output states are latched irto the part by a write strobe (WR7). 
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The addressable latch controls drive functions and CRC/ECC selection. This 
latch enables direction of the drive (DIRIN-), stepping pulses to the drive 
(STEP-), reduced write current (RWC-), write precomp (WPC-), write enable 
(WRITE GATE-), and switching the enable between CRC and ECC (CRC-/ECC). 


All remaining ports are distributed among the basic functional sections of 
the HDC- @@1 and will be described in detail within the discussion of those 
functions. 


The HDC-2@0@1 controller utilizes an NMOS device (WD11@@-@9) especially 
designed to process incoming MFM data from the drive by a process called 
data separation. Here, some background information may be helpful: 


In order to provide maximum data recording density and storage 
efficiency, data is recorded on the disk using a Modified 
Frequency Modulation (MFM) technique. This technique requires 
Cleck bits to be recorded only when. two successive data bits are 
missing in the serial data stream. This reduces the total number 
of bits required to record a given amount of information on the 
disk. This results in an effective doubling of the amount of data 
capacity, hence the term "double density." 


Because clock bits are not recorded with every data bit cell, circuitry is 
required that can remain in sync with data during the absence of clock 
bits. Synchronous decoding of MFM data streams requires the decoder 
Circuitry to syrthesize clock bit timing when clocks are missing and 
synchronize to clock bits when they are present. This is accomplished by 
using a phase locked oscillator employing an error amplifier/filter to sync 
onto and hold a specific phase relationship to the data and clock bits in 
the data stream. The synthesized clock called RCLK can then be used toa 
separate data bits from clock bits and to shift the resultant serial data 
into registers for byte parallelization. 


7.3.1. Incoming Data Selection 


In the HDC-2a01, serial data is input from up to 4 radially cormnected 
drives via a quad RS-422 differential receiver. The receiver converts 
differential input data ta TTL levels for use by the controller. The data 
from the selected drive is then routed to the data separation circuitry by 
a 4-sectiorn AND/OR/INVERT gate. Due ta the fact that different drives 
produce varying data pulse widths, the data is first routed through a one- 
shat to provide a'consistent data pulse width. At this point data and 
clocks are still combined and appear as 32 nS nominal active high pulses 
spaced at intervals of 1, 1.5 or 2 times the RCLK period. This data is 
presented to the Data Separator chip (U6:U34) which will then gate either 
MFM data or a reference clock into the first stage of the VCO error 
amplifier circuitry. 
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Fu de Gu Reference Clock 


The reference clock is derived from the write clock crystal oscillator (and 
associated circuitry). This oscillator uses a fundamental crystal cut to 
escillate at 4 times the RCLK frequency. The 4X output is then divided by 
U4 to produce both a @X clock (2XDR) which is used as a reference and a 1X 
Clock (WCLK) which is used to produce MFM write data for the disk. The 
crystal (Y1) frequency is 20.@00 MHz for STS@6 compatible drives or 17.360 
MHz for SA1@@® compatible drives. 


7.3.3. Clock Gating 


The gating of the reference and MFM data into the data separator is 
deperdent on the condition of the read gate (RGATE) signal and the spacing 
of the data on the serial stream after RGATE is brought true. Due to the 
techniques which are employed to separate data from clocks, it is necessary 
toa run the VCO at a rate twice the data clock (RCLK) rate. The VCO is set 
to a open loop frequency of 2X RCLK. Any variations in this rate due to 
variations in disk rotational speed must be compensated for by the VCO, but 
instantaneous shifts in data due to the effects of adjacent bit cells om 
the disk and minor noise must be ignored. Alsa, the response of the VCO 
must be adjusted to effectively ride over missing clock bits which occur as 
a result of the MFM recording technique. The resultant compromise betweer 
response and reject requirements of the VCO cause the VCO to have a 
tendency to become lacked ento harmonics of the data rate rather easily. 
This is likely to secur if the VCO is connected to a data stream over a 
field af data which has data bits spaced at 1.5 or @ times the actual RCLK 
time intervals. 


To provide protection against this undesirable condition, the VCO is always 
held lacked onto a stable clock running at @X RCLK frequency whenever the 


controller is not actually reading data. Care is taken to switch in read 
‘data ta the VCO error detector only when it is knawn that the data stream 
frequency is equal toe the RCLK frequency. This can occur only when the 


data is a solid stream of all ones or all zeroes. 


7.3.4 High Frequency Detector 


The switch from refererce clock ta live data is .initiated immediately after 
the RGATE gazes true and will only occur after 16..consecutive ones or zeros 
(high frequency) are detected cn the raw MFM. This detectior is 
accomplished by a one-shot and the data separator. The oane-shot is 
adjusted for a pulse width of 1.25 times the RCLK periced (250 +/-10 nS for 
ST5@6 compatible drives and @87 +/-10 nS for SAL9®@O compatible drives). 
The adjustment of the one-shot provides tolerance of up ta 1/4 RCLK period 
in gitter oan the MFM data bits while still being able to distinguish MFM 
zeros or ones from other data patterns. 


Each clock or data bit on the serial stream triggers the one-shot. If the 
time between successive triggers is less than the one-shot time constant, 
the sone-shat remains retrigqered. As the one-shet is triggered by data 
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stream bits, so is a counter in the Data Separator Device), whose reset is 
controlled by the state of the one-shot outputs. While the one-shot is 
being retriggered the counter counts up. When any data bit fails to reach 
the one-shot before its time constant is over, the one-shot resets and in 
turn clears the counter. Only when 16 successive retriggers occur can the 
counter reach its terminal count. At this time, the counter overflow goes 
true and sets a latched. DRUN- output low, which switches read data in the 
refererce clock out. DRUN- is read by the 8X300 to determine the condition 
of the MFM data stream. 


At this point data and clocks have finally been connected to the first 
stage of the data separator. The heart of the data separator is the VCO, 
the error. amplifier, filter and the Data Separator Support Logic Chip 
(WD118@-09). 


7.3.5. Sample on Phase Detection 


When an input signal is applied ta the system, its phase relationship is 
detected within the Data Separator Device. The function of this phase 
detector is to provide windows, during which the leading edge of the 
incoming MFM data can be compared to the leading edges of the VCO clock. 
The windows are approximately 5@ nS in length. The windows are initiated 
by the leading edge of any data bit as it enters the detector. They are 
terminated by that same data bit, edge delayed by 628 nS or the VCO output 
(OSC-). When both the delayed data bit (delayed by DL1) and the nearest 
VCO edge arrive at the detector, the detector is reset until the next data 
bit arrives on the MFM data stream. The delayed data bit sets its half of 
the detector latches to produce a pump up condition at the error amplifier. 
The VCO clock edge set its half of the detector to produce ai pump-down 
condition. Wher the circuit is balanced, both pumps are on or off, 
Producing no net pump-up or pump-down. 


7.3.6. Error Amplifier 


Control of the VCO is accomplished by the error amplifier, filter, and Data 
Separator Chip. The errar amplifier is a balanced current mirror, whose 
output sources or sinks current to the filter stage. Whenever the VCO is 
running too slow, the error amplifier receives pulses fram data bits before 
pulses from. the VCO clock. This causes the error amplifier to produce 
Ppump-up pulses to the filter. The filter integrates these pulses, 
preducing an average increase in the voltage to the “VCO. Whenever the VCO 
is rurming too fast , the error amplifier produces pump-down pulses to the 
filter. It must be noted, however, that some slight error will always be 
present because, without pumps, the filter will float and the VCO will 
drift. The overall gain of the error amplifier and the VCO will maintain 
this error very small, resulting in very close tracking between the VCO 
output phase and the inceming data phase. 


7.3.7. VCO 


The HDO-22@1 uses a single chip VC23, which simplifies circuitry and 
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adjustments. The operating point of the VCO is initially set by adjusting 
the variable capacitor for a 1@ Mhz (when running on S Mhz drives) output 
center frequency and the frequency control voltage input to 2@.5QA +/-@.5V. 
It should be noted here that the frequency range voltage and the frequency 
output are adjusted to the ’locked’ center frequency with the same variable 
capacitor adjuster. 


The output of the error amplifier and filter is fed to the VCO and 
represents how far the VCO frequency is from that of the incoming signal. 
The error signal, which is proportional to the difference, allows the VCO 
frequency to shift from center frequency and become the same frequency as 
the input signal. When the loop is in lock, the difference frequency 
component (error voltage) is DC and will be passed by the low pass” filter. 
This, the lock range is limited by the range of the error valtage that can 
be generated. The lock range is essentially a DC parameter and is not 
effected by the band edge af the low pass filter. It can be defined as the 
frequency range, usually centered about the VCO initial free running 
frequency, over which the loop can track the input signal once loeck has 
been acquired. 


Frequency comtral is actually a matter of frequency range. The difference 
compenent may fall ontside the band edge of the low pass filter and be 
remaved along with the sum frequency component. If this is the case, no 
information is transmitted arcsund the loop ard the VCO remains at its 
initial free running frequercy. As the input frequency approaches that of 
the VCO, the frequency of the difference component decreases and approaches 
the bard edge of the low pass filter. Now, some of the difference 
component is passed, which tends to drive the VCO towards the frequency of 
the input signal. This, in turn, decreases the frequency af the difference 
component and allows more information to be transmitted through the low 
pass filter to the VCO. This is essentially a positive feed-back, which 
causes the VCO to snap into 'lock® with the input signal. With this in 
mirid, the term ‘capture range’? can be defined as the frequency range 
centered abaut the VCO initial free running frequency over which the loop 
can acquire lock with the input signal. 


As previously stated, the VCO runs at a frequency twice that of the RCLK 


rate. By setting the center frequency equal to twice the data rate, the 
VCO will lock toa the data and give an exact syrnchrenized clock. 


7.3.8. Window Extension 


Once the VCO has been locked onta the phase of the incoming data, the 
actual separation of data and clocks can occur using a technique called 
Wirndew extension. This technique causes data bits to first have their 
leading edges shifted into the center of the RCLk half cycles and then to 
be latched or extended until the next rising edge of the RCLH. The delayed 
data clocks a pair of latches. The ‘data’ latch has its D input and CLEAR 
cormected ta +RCLK and the *clock’® latch has its D input cornected to 
RCLK-. 


If an MFM data bit erters the latches while RCLK+ is’ high, it will be 
extended as a data bit. If RCLK- is high, it will be extended as a clock 
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bit. Due to this extension technique, bits can jitter approximately 1/4 the 
RCLK period without being lost. The output of each latch is then further 
exterded by feeding directly into another stage of latches and clocked on 
alternate edges of RCLK. The final’ outputs of the data 
extension/separation stage are two separate signals, one consisting solely 
of NRZ data, and the other NRZ clocks. NRZ data and clocks are finally in 
a form suitable for processing by subsequent circuitry within the HDC-2001, 


7.39. Clock Detection 


Due ta the nature of MFM data enceding, it is impossible to know exactly if 
MFM bits are data or clocks. This ambiguity results in having to assume 
that bits om RCLK- are actually data bits until the VCO is locked or anda 
unique data/clock pattern is detected. This is accomplished by holding the 
VCO tm RCLK divider reset until it is fairly certain that bits on the data 
stream are actually clocks belonging to a field of zero data. 


Once this assessment has beer made, the processor releases the AM detector 
by raising the SEARCH signal. This Signal releases a latch which will 
remove DHOLD- from the RCLK divider on the next rising edge of a MFM data 
bit soa that CLOCKS will be on the RCLK- phase and DATA will be on the RCLK+ 
phase. The processor makes its assessment af the state of the data stream 
solely on the one-shot in the DRUN circuit. Once released, the phase of 
RCLK versus data and clocks will remain stable throughout the read of an ID 
mor data field. Whenever SEARCH is droapped, the VCO to RCLK divider is once 
again reset and no RCLKS are produced. 


7.4. Data Conversion and Checking 


Gate coms es oes cuve cases thash cunse hase Gusts Gate WrtED VenmS wouee reas Gabe ee ema come — ame ee oe 


MFM data which has beer separated to form NRZ data and clocks are processed 
through specialized circuitry to prepare it for parallel processing by the 
8X 30a. This processing consists of 3 functianal circuits. 


1) AM detecticn 
2) ECC/CRC checking circuit 
3) Serial to Parallel Conversion 


Each function will be discussed separately but bear in mind that = many 
interdependercies exist. 


7.4.1. AM Detection 


As previcusly stated, it is impossible ta know whether serial data bits are 
actually data or clock bits by gust looking at the data stream. Also, it 
is equally impossible to determine byte boundaries af the data stream. 
This problem is solved by a uniquely recorded data/clock pattern called = an 
Address Mark (AM). The AM cansists of a data pattern of hexadecimal ‘AI’ 
with a missing clack pattern of hex *°OA’. Normally a data oyte of hex ‘AL’ 
requires a clocking pattern of hex *OER’. 


The AM is used to uniquely identify the start of a field of information 
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(Data or ID field) within each sector. Preceding each AM on the disk there 
is always a long run of *zero’ data. Zeros have a clock bit for every 
RCLK. When attempting to read information from the disk, the HDC-2001 
first acquires phase lock over a field of zeros. After this acquisition is 
achieved, the processor releases the AM detector by raising the SEARCH 
control line (SRCH) on the MAC CNTRL port. Due to the circuitry associated 
with the VCO to RCLK divider the RDAT- output of the data separator will be 
high and the CLKS- autout will be low. RCLK~- will be the shifting clock 
for RDAT- and RCLK+ will be the shifting clock for CLKS-. These 4 signals 
are routed into the AM detector. 


Inside the AM detector, the RDAT- is shifted into an 8-bit synchronous 
serial shift register and clocked on the falling edge of RCLK-. CLKS—- are 
shifted into a similar shift register on the falling edge af RCLK+. The 
output stage of the RDAT- register is dumped into an 'AL* comparator § and 
the output stage of the CLKS- register is dumped inta a '0OA’ comparator. 
AM detection sccurs when both detectors are true, setting the AMDET latch. 
At the instant AM eccurs, the exact relationship between data ard clocks is 
Known. Tt is also known that data is being clocked by RCLK- so CLKS—- can 
actually be discarded; its only purpose was in detecting AM. The AMDET-— 
signal is used as a synchronization signal to start subsequent conversion 
circuitry.  . The AMDET—- signal remains true until the processor again de- 
asserts the SEARCH control line. 


The AMDET- signal is processed by a D latch, located in the Support Logic 
device (WD110@-@7), to precisely time the leading edge of AMDET—- to the 
rising edge of RCLH. This synchremization relaxes timing requirements 
on the data and clock inputs of the serial to parallel converter. Also, a 
one-bit delay is placed in the AMDET path within the Support Logic Device 
to compensate for correct timing with the ECC architecture. 


7.4.2 Error Detection and Correction 


Data recorded on magnetic media is prone to several types af errors which 
could render data unusable if some form of error detection were not 
employed. 


On the HDC-28@01, error detection is performed on all data transfers from 
the disk. The ID fields use a 16 bit Cyclic Redundancy Check (CRC) and the 
data fields use either the same CRC or a special Se bit Error Correctian 
Code (ECC). The CRC and ECC fields are appended to the data field that they 
are to protect. 


The HDC-2201 uses the same device ta generate and check CRCs and ECCs. 
Normally, the HDC-20@1 uses CRCs in ID fields and ECCs in data fields. 
Also, as a software selectable apticon, the HDC-2@01 may be used in a CRC 
only mode by appending CRC check bytes to both ID and Data fields. 
Although either polyromial could be used for both fields, the use of the 
ECC polynomial is limited to data only. On-the-fly correction of ID fields 
carmet be done and CRC provides adequate checking for the ID fields. The 
ECC and CRC polynomials used are as follows: 
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ECC =  XHHSL+XHHZO+XHHDE+X HHL IAX HHL THX HHL OX HHG EK HRS +L 
CRC = XHHL6E+XHHL12O+X 445 +1 (Also known as CRC-CCITT) 


As data is being read from the disk, the CRC/ECC generator re-computes the 
ecriginal check bits. After all the data are read the value in the CRC/ECC 


generator is exclusive ORed with the check bits recorded on the disk. The 
result is called the syndrome. If the syndrome was zero, the data was 
correctly read. Otherwise, an error occured. If the field was protected 


by a CRC, the data can often be recovered by a retry which the HDC- aa1 
performs automatically. If the field was protected by an ECC, the non-zero 
syndrome is used by the on board processor to compute the displacement and 
the error vector within the sector. This information is then used to 
correct the data if a single burst of no more than five bits in error 
occured. 


The CRC/ECC generator is initialized by setting ECCIZ—- low for at least 259 
nS during the search for the AM. ECCIZ- is originated on the MAC CNTRL 
port. Upon receiving the ECCIZ- signal, the ECC generator will preset all 
32 of its internal polynomial division shift registers to logic ones’ and 
arm an internal latch which will start the CRC/ECC generator on the leading 
edge of the first non-zero bit (hopefully an AM) to enter the device. , 


Once enabled by the first non-zero data bit, the ECC device will shift 
succeeding data bits into a feedback shift register string with exclusive 


OR gates tied to the feedback nodes of the register. As each RCLK occurs, 
the registers will divide the incoming data and a unique pattern of ones 
and zeros will appear across the registers. The ECCEN input line is set 


low, indicating that the internal circuitry is ready to begin the 
computation of the ECC/CRC check bytes. 


Semetime before the last byte of data and after the next to the last byte 
of data is transferred through the device, the DCSS line is set low. When 
the last bit of an ID or data field is precessed, the pattern in the 
registers should be equivalent ta the 16 or S32 check bits appended to the 
fields during ocriginal recording. The check bits on the disk are exclusive 
ORed with the check bits in the CRC/ECC device to produce the syndrome. 


Data is deserialized after being processed by the ECC/CRC device and Byte- 
Sync boundries are marked by byte-sync pulses obtained from the Data 
Support lagic device om the RBS input. The byte-sync pulses are internally 
ANDed with the RWCF line to insure the smooth transition of check/syridrome 
bytes on the DOUT autput line, after the last bit of data has been entered 
into the device. A one-bit time delay occurs on the DOUT line because’ an 
internal latch is used to deglitch the output line. 


7.4.3. Serial to Parallel Conversion 


After data has been processed by the ECC device, the Serial to Parallel 


Converter takes over. NRZ data and RCLK are used to shift data bits into 
ar) 88-bit serial toa parallel shift register. As each bit is shifted, 
divide-by-8 counter circuit is incremented. After every eighth bit of data 


is shifted, the counter produces an overflow pulse, marking byte boundaries 
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in the serial data stream. The overflow bit from the counter resets the 
counter, clocks the data from the shift register into an 8-bit parallel 
latch, and sets a tri-state flag register called BDONE. The flag can be 
read by the processor to see if any converted data is ready to be read from 
the latches. 


When the processor sees BDONE in the true state, it services the device by 
gating data onto the IO bus using read strobe 4 (RD4—-) in conjunction with 
a tri-state buffer. The act of reading the latches also clears the BDONE 
flag. As successive bytes are processed, BDONE is serviced by the 
processcr as data becomes available. 


7.5. Serial Data Generation 


aD Con ae oa eae 2 wo OS EE ND CO QOD a SED OTD 


The HDC-2001 records data on the disk in MFM format. In order to produce 
the proper data format, the HDC- @@1 uses several specialized devices to 
process the parallel data supplied by the host into a serial MFM data 
stream. The data supplied by the host is temporarily stored in the buffer 
RAM until the correct sector is located for the data to be written. 


The process of writing is essentially the opposite of reading except that 
the data separator circuitry is not required and the generation of the MFM 
data stream is produced by synchronous clocking techniques. 


The functional sections of the serial data generation section are listed 
belaws 


1. Parallel to Serial conversion 
roan ECC/CRC generation 
3. MFM and precompensation 


Leon ba Parallel to Serial Conversion 


»~ 


Parallel data is corverted into a serial NRZ data stream by the Parallel ta 
Serial device. The processor enables this conversion by lowering the 
WRITE- signal on MAC CNTRL. WRITE- causes the tri-state buffers present on 
the parallel to serial device to become active, supplying the ECC device 
with data, clocks, and BDONE strobes. 


The processor presents parallel data on the ITO bus along with the WR4- 
write strobe which latches the data into the paratilel port on the trailing 


edge of the strobe. The write strobe also resets any pending BDONE. 
Inside the parallel to serial device, the parallel latches are loaded into 
a serial shift register on every eighth WCLK transition. As the data is 


transferred to the shift registers, the BDONE status flag is set. The 
prioocessear reads this flag to determine when to write the next parallel byte 
to the device. The timing of the parallel accesses is at a rate 1/8 that 
of the bit rate cof the NRZ data stream. For ST5Z6 compatible drives the 
byte timing is 1.6 uS and for SA1Q0@ drives it is 1.84 uS. 


The output of the last register in the shift string is brought cut of the 
device as NTZ serial data. 
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Whenever it is desired to write a repetitive string of identical data 
bytes, the processor can simply ignore the BDONE flag ard permit the device 
to reload the data from its latches over and over again for as long as 
required to generate the field. This feature of the device is used in 
writing certain fields used in formatting. 


7.5. le CRCO/ECC Generation 


The CRC/ECC gernerator/checker is used to generate the CRC/ECC bits and to 
append them to the end of the data being written to the disk. The 
operation of the polynomial generator is identical to read operations 
except that at the end of the data field the processor sets a signal which 
causes the device to output the computed CRC/ECC after the data instead of 
praducing the syndrome. 


The initial states of the shift registers within the device are forced to 
all ones by the processor pulsing ECCIZ- for at least 258 nS while the 
parallel to serial device is autputting all zeros on the NRZ data line. At 
that time, a latch is set which holds the registers at ones until the first 
non-zero data bit enters the device. 


The first norm-zera bit will be the MSB of the AM (hexadecimal Al) of the 
data field to be written. When the processor decides that enough zeros 
have been written toa satisfy the sync field requirements, it will store a 
hex AL in the parallel to serial device. At the proper time (in syne with 
BDONE) the parallel tc serial device will begin to send the MSB of the AM 
to the CRC/ECC device. This will start the CRC or ECC polynomial generator 
and the ECC will be computed. 


To write the ECC/CRC check bits, the processor will assert the One Byte 
Loaok-Ahead (1BLA-) signal om MAC CNTRL port gust after the last data byte 
was sent tao the parallel to serial converter. The internal switch over 
from data to check bits is synchronized to the next byte time by the WCP- 
signal. Orice the switch takes place, the CRC/ECC. generator will begin 
dumping the computed CRC or ECC onto the NRZ data stream. The net effect 
of this is to append the proper CRC or ECC information toa the erd of a 
Field of data. 1BLA- is maintained true for the duration of the unloading 
preacess which lasts for up to four byte times. 


During the unloading process, the ECC registers bdck-fill with zeros. This 
feature is handy because by leaving 1IBLA- low for additional time, zeros 
will always be written after the CRC or ECC which is a requirement of the. 
format of the disk. The NRZ data from the CRC/ECC cevice is sent to the 
MFM generator device. 


Vie Se MFM Generation 


The coriversion from NRZ write data to MFM write data takes place in the 
_MFM/Precomp device. This device accepts NRZ data and a complimentary WCLK 
and praduces MFM data and clocks by sending the data through circuitry 
which decides when: and where to write clocks on the data stream under the 
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MFM encoding rules. The proper encoding of the data into MFM requires the 
device to apply three rules to the data. 


1) If the current data cell contains a data bit 
then no clock bit will be generated: 


2) If the previous data cell contained a data bit 
then no clock bit will be generated. 


3) If the previous data cell and the present data 
cell are vacant then produce a clock bit in the 
current clock cell. 


The terms ‘data cell’ and ‘clock cell’ are defined by the state of the 
WCIH. While WCLK is low it is a data cell and while high it is a clock 
eell. It can be seen then, that both clock and data cells are 1/2 the 
period of WCLK or 100 nS for STS506 compatible drives and 115 nS for SA1000 
drives. Alsa, note that by the rules stated above, a clock and data bit 
can never occur within the same WCLK period and legal spacings for bits can 
be i, 1.5, or 2 times the WCLK period only. The rules are implemented 
within the device by shift registers that hold the next two, last and 
preserit data bits and combinatorial logic. The state of WCLK is considered 
and the appropriate bit cells are filled and combined on the MFMW output 
line of the device. 


Write Precompensation 


The MFM data stream is now totally compatible with the recording rules and 
may be sent to suitable line drivers for transmission to the drive except 
for one modification. Due to the decreasing radius on the physical surface 
of the disk, the inside tracks have less circumference and therefcre 
exhibit an increase in recerding flux density over the outside tracks. 
This increase in flux density aggravates a problem in magnetic recording 
know as ‘dynamic bit shift.’ 


Dynamic bit shift comes about as the result of ane bit on the disk (a flux 
reversal) influencing an adjacent bit. The effect is to shift the leading 
edge of both bits closer together or further apart than recorded. The net 
result is that enough jitter is added to the data recorded on the inside 
tracks to make them harder to recover without error. 


Write precompensation is used to reduce the effect of dynamic bit shift. 
It is a way ef predicting which direction a particular bit will be shifted 
and intentionally writing that bit out cf position in the soapposite 
direction to the expected shift. This done by examining the next two data 
bits, the last and the present bits to be written and producing three 
Signals deperding on what these bits are. The three sigqnals are EARLY. 
LATE and NORMAL. ° They are used in conjunction with a delay line to cause 
the leading edge af a data or clock bit to be written earlier, later or on 
time. 


The processor can enable or disable the generation of these signals by 
controlling the Write Pre-Comp (WPC) line from the addressable latch. When 
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WPC is high, precomp is in effect. When WPC is low, ro precomp is 
generated and the nominal output of the device is held true. 


The delay line actually performs the precomp with the help of an 
AND/OR/INVERT gate. MFMW pulses are applied to the input of the delay 
line and depending on which of the three precomp signals is present the 
AND/OR/INVERT gate selects a different tap on the delay line. Nominal data 
is actually tapped from the second tap. Early data from the first and late 
data from the third. From the AND/OR/INVERT gate the MFMW data is sent to 
the input af an RS-422 driver where it is converted to a differential form 
and then is sent to the drive. 


The source or destination register inside the HDC-20@1 is selected by 
accessing the address of the desired register. Since the access time for 
any particular read or write oaperation will vary, the HDC-20@01 provides a 
not ready signal (WAIT-). For systems using interrupts and/or DMA, the 
HDC-1001 provides INTerrupt ReQuest (CINTRQ) and Data ReQiutest (DRO). 


7.6.1. Wait Enable 


Since most of the registers in the HDC-28@1 are not implemented in 
hardware, it takes the 8X300 a finite amount of time to actually fetch the 


requested data on a read or store data on a write. This time varies 
depending on the amount of processing the 8X300 must do to access’ the 
desired register. After the data has been written or read, the HDC-2aa1 


de-asserts the WAIT- line, allowing the host to terminate the current bus 
cycle. 


The generation of the WAIT- signal is controlled by a bit in the MAC latch 
called WAit ENable (WAEN-). If the HDC-2001 is ready to accept 
randam accesses ta its task file, WAEN- will be asserted. The leading edge 
of CS- clecks the wait line (Suppert Logic Chip) transferring the WAEN- 


state through the chip. This clocking action is required to insure that 
WAIT—- will moat be asserted in the middle of any bus access already in 
progress. After the wait latch has been clocked, CS- causes WAIT- to be 


asserted to the host. 


The WAIT- line is released on the trailing edge of any read or write strobe 
to the communications latch. This release is caused by the logical OR of 
RD6- and WR6E- which presets the wait latch ta a non-wait request condition. 
The WAIT- signal is stretched to the trailing edge of the RDG- or WRE-. 


If WAEN- is de-asserted, the HDC-2021 generates nao waits at all. In this 
case, the host will read the dummy status written to the communications 
latch by the 8x30. This feature is used by the microcode to simulate a 
busy conditicrn when the host reads the status register in non-interrupt 
driver: systems. Wher the HDC-20@1 becomes un-busy, the WAEN- line will be 
asserted ard operations «em the host interface bus will be monitored once 
again. 
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The S-188 pin that receives the wait- line is selected by the jumper at 
location G. Gi-2@ is for selecting XRDY-, G@-3 is for selecting PRDY-. 


7.6.2. Bus Gating 


During all accesses by the host, one of two signals will be produced to 
gate the bus. During read operations, CS- and RE- are ANDed, producing Bus 
Output Control (BOC-). This signal gates the contents of the communication 
latch onta the DAL bus. During write operations, CS- and WE- produce Bus 
Input Control (BIC). This signal latches the state of the DAL lines into 
an internal R/S latch. :; 


7.6.3. Register Selection 


The combination of a host read cr write operation along with the WAEN- 
Signal being asserted, causes a signal, Card Select ACcess (CSAC), to be 
gerierated. The 8X320 samples this signal every 250 nS, and if asserted, 
reads the status af A@-2 and WE-. The state of A®-2 and WE- determine 
which register is to be accessed (A®i-2) and in what direction that access 
will take place. 


7.6.4. Interrupts and DRQs 


The HDC- O81 produces INTerrupt ReQuests (INTR@) to signal the end of all 
disk operations and Data ReQuests (DRQ) to signal data ready to DMA 
controllers. INTRO and DRO@Q sriginate on the MFM generator as an auxiliary 
funetian of the chip. Interrupts are cleared by HSAC- (Host Select Access) 
and AQ, Ai when the host reads the Status register, issues a command, or 
accesses the Sector Number register. DRQs are cleared when the host 
accesses the Data or Cylinder Low registers. DRQs will be re-issued for 
each byte to be transferred. HSAC- is a 288 nS version of the CSAC- 
Signal, which is produced by the Data Separator Support Device (WD1182-28). 
During Power-On Reset or Master Reset (MR-), INTRQ and DRO are reset. 


The destination of INTRQ- is selected by jumper area H as shown in table 
below: 


camm cume use quay tots mums conse — on one amet oe 


VI@ VI1 VI2 VIZ VI4 VIS VIG VI7~ INT 


Position 1 2 3 4 S 6 7 8 3 


7.603. Address Select 


The address at which the HDC-2001 board responds on the S-100 bus is 


‘determined by the address switches (U16.) Switches 1 through 5S select the 
upper S bits of the address (A7-AZ) which the HDC-1@@1 acknoledges. F 
closed switch equals a i and an open switch equals a @ for that address 


line. 
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& MAINTENANCE 


The HDC- 8801 requires no scheduled preventative maintenance. There are 
three adjustments associated with the data separation circuitry that may’ 
need to be adjusted if a drive with a different data rate is installed. 


The HDC- 801 is available in two different ways, the HDC- 001-8 for 8" 
drives and the HDC- 001-5 for 51/4" drives. : 
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8.1, DRUN Adjustments 


To facilitate the process of acquiring phase lock on data being read from a 
disk, a hardware detector is utilized to indicate when the read/write head 
of the drive is over a recorded field af all ones or all é=<zeros. The 
detector depends on the timing of a one-shot (U4) which is adyustable by 
the DRUN pot (R14). DRUN must be adjusted according to the following 
procedures: 


The DRUN adjustment is made with the HDC- 2901 in an operating test 
configuration with a host, drive and power source. 


Monitor DRUN- (U4 pin 7:) with a 18X oscilloscope probe while attempting 
to read ao sector of data from the drive. The scope should be set to 
trigger on a high to low transition. While observing DRUN-, adjust R14. 
The period of the DRUN single shot should be adjusted to 1.25 times the 
period of RCLK. 


Disconnect all test equipment. 


et ee ee ee eee eee + 
1) Y1:&2 Frequency |! DRUN Period It Freq. Range ! Final Setting ' 
$a a + + Ho a a + 
{ 28.2880 Mhz ! 250 nS { 9.0-11.@ MHz |! 10.8 Mhz +/-1 KHz | 
+—-——— - - $e +-——— +—-—-————— -— — — - + 
! 17.3698 Mhz | 2893 rS [ 7.5- 9.5 MHz ! 8.68 Mhz+/-1 KHz | 
pe a a a en ee + 
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OSCILLATOR FREQUENCY 


Data separation circuitry on the HDC 2001 uses a voltage controlled 
oscillator (VCO) which phase locks onto incoming data & provices 
a lock suitable for separating data lock bits or an MFM emoded data 
stream. The VCO must be adjusted using the following procedures: 


—Disconnect jumper J: Then make all connections to the board, including 
the host & drive. Connect a frequency counter to the VCO buffered 
output on TP8 (U14 PIN 10). Adjust the variable capacitor C15 until 

the frequency output locks onto the desired center frequency for 

the drive being used which is 19.99% MHz for ST 596 or 8.68 MHz for 

SA 199%. Once this "locked on" frequency is achieved an input voltage 

of U14 pin 1 of 3.00 +/— 0.5 volts will automatically occur. 


BALANCE ADJUSTMENT: 


The balance adjustment fine tunes the relationship of delayed data 
(DLYDAT) to read clock (RCLK). Attach channel 1 of a dual trace 
oscilloscope to U23 pin 1 (RCLK) set scope for 20 NS/DIV with a positive 
Slope. Attach the other channel to TP7 (DLYDAT). While the controller 
is doing constant reads to single sector, adjust C15 (if needed) 

so that the edge of DLYDAT is moving to the right or left with respect 
to RCLK until we have the "right capture value”. 


Right Capture Value 


| 
(SS { -——- {\----— \ 
"RCLK-" / { \ 
/ ! \ 
ee / I Ne oie ete ee 
Left Capture Value-—> | 
Dn ee Nee eee in eae ea 
1/ 
/ 
"DLYDAT" /\ 
/ | 


REMOVE ALL TEST EQUIPMENT. 
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A DISK DRIVER EXAPMLE 


Sometimes an example is worth a thousand words. Hopefully, these sample 
disk drivers will be the catalyst to get your first driver running. Note 
that even though these drivers are very simplistic, they represerit 
everything needed to satisfy the HDC- 001 sperating requirements. AS you 
might notice, there is no retry software included in these examples. That 


is because the HDC-2001 does all needed retries. 


Two examples are presented. The first iS a programmed I/0, programmed 
status driver using the eight bit Intel 8885 microprecessor. The secorid 
example is programmed 1/0 and interrupt driven and is written for the 
sixteen bit Western Digital WDi6 microprocessor. 
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iD 


{= 


- Polled Status Driver 


HHH HHH HEHEHE EAH ENR EHH HE EHH HERE HEIN 8 
HDC-2 @@1 Hard Disk Controller Driver 3 
Example for 8085 Microprocessor H 

with programmed I/0 and polled status ; 

; 


we we We ws we 


HHH HHH HEHE HH HEHE EEE HEHEHE HEHE EKHEKEKEHREMEEHEHEEE 


sThis driver is intended to demonstrate one simple approach to writing a 


;driver for the HDC- 2301. It assumes that the HDC-2001 is interfaced using 
;proagrammed I/0 without interrupts. 


sThe specifications of the imaginary demonstration drive are: 


;sector size: 256 bytes 

;Sector per Track: 33 

;Surfaces per drive: 4 (two platters) 

;Cylinders per drive:. 512 

;Stepping rate: & milliseconds 

STRATE = 2 ;Define stepping rate for assembler 


;Since we're allowing the HDC-2201 to map around the bad blocks for us, we 
shave to sacrifice one sector per track. This brings down the logical 
ssector per track caunt to Se. 


sExperienced systems programmers will note that we are not making our 
s;drive as flexible as it should be. Since HDC-2@01 compatible drives will 
sbe introduced in the future and present manufacturers will be increasing 
sthe density of their current drives, the driver that you write should be 
sobuilt with plerty of equates and corditional assemblies. 


sOur imaginary operating system can access up to 65536 logical records of 
s2¢46 bytes each. It has three types of calls: Initialize, Read ard Write. 
s;Three numerical parameters are passed in the following registers: 


H Drive number Cr 
H Logical record number DE 
3 


Transfer address HL 


sUpon completion of all commands, the carry. bit of the 8285 will be reset 
sif the operation terminated properly, and set if there was an error. If 
sthere was an error during read aor write, the error handling routine will 
sdecede it and print it out on the user console. 
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3 EHH KEHHEEEHEEERHEHEHEH § 


Equates : 


3 HEHE EEE HHH HS 


jee 
BASADD 
DATA 
‘ERROR 
WPC 
SECNT 
SECNO 
CYLLO 
CYLHI 
SDH 
STATUS 
COMND 


3; eee 
REST 
READ 
WRITE 


A. 1. i. 


29 we we 


s;This 


U 
5) 
% 
ct 


iui udau 


“uu t 


Command 


J 


Definition HEH 


oce 
EASADD ~ 
BASADD+1 
BASADD+1 _ 
BASADD+2 
BASADD+3 
BASADD+4 
BASADD+S 
BASADD+6 
BASADD+7 
BASADD+7 


Definition 
13 
22 
33 


Initialization 


HEHEHE HEE EEEHEEEHHKEKKEKER 5 


INITIALIZATION ; 
HHEK HEHEHE HERE EHEEERK EKER | 


;Base address of HDC-2001 


3Data register 


;Error Register 
sWrite Precomp 
s;Sector Count 
;Sector Number 
sCylinder Number 
s;Cylinder High 
3;Size/Head/Drive 
s;Status register 
;Command register 


HEE 


;Restore command 
s;Read command (programmed I/0 mode) 


sWrite command 


routine is called once whenever the system is powered up or reset. 


sit sets the stepping rate and restores the head on the selected drive. 


RESTOR: 


RSWAIT : 


CALL 
MVI 
OUT 
IN 
ANA 
JM 
RAR 
RET 


UPTASK 


sSelect drive, don’t care about recard 


A, REST+ (STRATE #2) ;Get stepping rate and restore 


COMND 
STATUS 
A 
RSWAIT 


sOutput command to HDC—-2aa1 

s;Wait *till restore done 

sby updating sign flag in 8085 

sand wait *till bit 7 (Busy) goes low 
3;Put error bit in carry 

sReturn to operating system 
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A. 1.2. Read Sector 


f SHREK ERREEE 5 


; READ 
{RAKE KEHEER EEE ERE HE | 


sThis is the read routine for our imaginary operating system. 


READIT: CALL UPTASK sUpdate HDC-2001 task file 
MVI A, READ 3;Get READ command 
OUT COMND sOutput command to HDC—- @al 
gsWait fer HDC- 2001 to read in a sector 
RWAIT: IN STATUS sCheck Busy bit 
ANA A sby updating sign flag in 8085 
JM RWAIT sand wait *’till bit 7 goes low 


sTransfer sector from HDC- @@i to system memory 
s(Transfer address in HL) - 


MVI B, 0 sinit byte counter to 256 bytes 
READLP:s IN DATA sGet a byte of data from HDC-2001 

MOV MA sMave it to memory 

INX H sIncrement memory pointer 

DCR B ;Decrement byte counter and continue 

JINZ READLP sif we haven't transferred 256 yet 

IN STATUS sRe-read status for errors 

JMP DONE sNow check the completion status 
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A-1.3. Write Sector 


ee ee | 


; WRITE ; 
H HHUHHHKHAHEHHEEEE HE § 


stThis is the write routine for the driver 


WRITIT: CALL UPTASK 
MVI A, WRITE 
OUT COMND 


;Update HDC-2001 task file 
3;Get WRITE command 
sOutput command ta HDC—-2801 


sTransfer sector from system memory to HDC-20a1 


; (Transfer address in HL) 


s Init byte counter to 256 bytes 

;Get a byte of data from memory 
sMove it to HDC-20a1 

s;Increment memory pointer 

sDecrement byte counter and continue 
3;if we haven’t transferred 256 yet 


;Check Busy bit 
s;by updating sign flag in 885 


MVI 5,0 
WRITLP : MOV A,™ 

OUT DATA 

INX H 

DCR B 

JINZ WRITLP 
sWait for HDC- @d1 to write the sector 
WWAIT 5; IN STATUS 

ANA A 

JM WWAIT 


SHEKEL E HEE 5 
‘ DONE : 
SHH KKK HHH HEHEHE 8 


s;Boath READ and WRITE 


DONE : RAR 
RNC 
IN ERROR 

3(¢¢ Place error reporting routine 


STC 
RET 


63 


commands finish here to check for 


sand wait ’till bit 7 goes low 


errars 
sRotate Error bit to carry 
gand return to OS is no error 
3;Get HDC-2001 error code 


here> >> 


3;Set carry to flag an error 
sand return to OS with error 
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A. 1.4. Task File Updating 


$f ETE HEE EH EH EE HERE EERE EEE 8 
; UFTASK SUBROUTINE 5 
FHKE HRN EE EEE EERE EE 8 
sThis subroutine sets up the task file registers 


ySectar number 


UPTASK: MOV A,E ;Get lower 7 bits of record rumber 
ANI 31. sMask off lower 5S bits (bits 1-4) 
OUT SECNO sand send to sector number register 


;9ize/Drive/Head 


MOV A,E ;Get lower 8 bits again 

RLC s;Rotate remaining 3 bits 

RLC sto get an effective right shift of 5 

RLC sMask off next two bits (5-6) 

ANI Be sta make head number 

MOV B,A gand store it away momentarily 

MOV A,C 3;Get drive number 

ADD A sand left shift it by 3 

ADD A 

ADD A 

ADD A ; 

ORA EB sOR in head number and 

ORI 82 s;OR in ECC flag and size field 

OUT SDH ssend it ta Size/Drive/Head register 
sCylinder low 

MOV A,E ;Get last bit of lower record number 

RAL. sand put it in carry 

MOV A,D s;Get upper half of record number 

RAL sLeft shift it and merge in carry 

DUT CYLLO 3;Send it to lower cylinder register 
sCylinger high 

MVI A,O0 ;Clear all bits except for the 

RAL sthe least significant and send 

OUT '  CYLHI sto the upper cylinder register 

RET — 

END 
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B $INTERLULEAVE CALCULATING UTILITY 


This BASIC program simplified the process of generating interleave tables. 
It is written ina fairly standard subset of the BASIC language and should 
run on many BASIC interpreters and compilers. Some implementations of 
BASIC may require the variable names to be converted to single letter names 
arid the IF THEN ELSE constructs may have to be re-written. | 


The two questions at the beginning of the program should be answered in 
decimal. The interleave is printed in hexadecimal. 
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PRINT"HDC- 7801 Interleave calculating program" 
PRINT 

INFUT"Number of sectors?" ;COUNT 

INPUT" Interleave Factor?"; INTER 

DIMHEX$ (16), SECTOR (COUNT) 

FOR INDEX=1i TO 16 

READ HEX$ (INDEX) 

NEXT ; 

FOR INDEX=1 TO COUNT 

SECTOR CINDEX)=1 

NEXT 

RES=0 

FOR INDEX=0@ TO COUNT—i 

IF RES) =COUNT THEN RES=RES~-COUNT 

IF SECTOR(RES+1)=—-1 THEN SECTOR(RES+1)=INDEX ELSE RES=RES+1:GOTO 13a 
RES=INTER+RES 

NEXT 

PRINT 

PRINT" Interleave table with";COUNTs;"sectors and"sINTER;": 1 interleave" 
FOR INDEX=1 TO COUNT 

X=INT (SECTOR CINDEX) /16) 

PRINT HEX$(X+1) sHEXS (SECTOR CINDEX) —-X*¥16+1), 
NEXT - 

PRINT 

DATA 0, 1, 2, 3, 4, 5, &, 75 8, 9, A, B,C, D,E,F 

END 
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Cc 8ECTOR CALCULATING UTILITY 


HDC-20@1 compatible disk drives are constantly changing. Higher bit 
packing densities and higher accuracy spindle mators help to increase the 
amount of data that can be put on a track. This appendix will help you tea 
determine the maximum number of sectors that can be recerded on your disk 
drive. 


The unformatted byte capacity can be figured from this formulas 


Capacity=Bits per second / Revolutions per second x (1-Error) / 8 


We?ll take a hypethetical drive (the same cne as in the disk driver 
examples) with a data rate of SM bits per second and revolution rate of 
3620 RPM. Our drive has a spindle speed accuracy of 3% These numbers 
applied to cur formula yield: 


10, 104=5, 000, BAW/E0x (1-9.43)/8 
Ts be on the safe side, we will always round down when we come up with a 
fractional value. The unformatted capacity of this drive is 18,104 bytes. 
Ta figure the number of sectors per some number of bytes apply this 
formula. 


Sectars=Capacity / (Data field size+Gap3+Check bytest+Other overhead) 


Using 512 byte sectors with a Gap3 size of 30 bytes, running ECC we end up 
withs 


17=10, 1047 (512+30+4+41 ) 


The BASIC pregram on the next page can be used to automate the sector per 
track calculations presented here. : 
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12 PRINT "HDC- 2001 Sectors per Track Calculating Utility" 
20 PRINT 

30 .INPUT"Data rate of drive in bits per second: ";DATARATE 
40 INPUT" Revolutions per minutes "s;RPM 

52 INPUT" Rotational speed error in percent: "s;RERROR 

62 CAPACITY=INT (DATARATE/REPM#60* (1-RERROR/ 189) /8) 

78 PRINT"Unformatted capacity is "CAPACITY" bytes. " 

80 PRINT 

92 INFUT"Data field size in bytes (128, 256, etc.):"sSIZE 
120 INPUT"Fermatted with CRC or ECC: "sECCMODES 

11Q@ ECCMODESLEFTS (USC (ECCMODES), 1) 

120 IF ECCMODE$(>"E" AND ECCMODE$<()"C" THEN 100 

13@ IF ECCMODES$="E" THEN CHECKBYTES=4 ELSE CHECKBYTES=e2 

144 IF SIZE)2@56 THEN GAPS=30 ELSE GAP3=15 

154@ SECTORS=INT (CAPACITY (SI ZE+GAP3+CHECKBYTES+41) ) 

160 FPRINT “Formatted capacity is";SECTORS#SIZEs"bytes per track using"; 
172 FRINT SECTORS;"sectors per track. " 

188 END 
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D. PROGRAMMERS QurcCckK REFERENCE 


D.1. Task File 
Ho nn + 
1 CS- tit AB 1 Atl 1 ABW It RE- 1 WE- | 
| -—--———— +-—-—--——— +—-—--—-—--—— +—-—-—--—— +—-—--—-—-—— — - $a + 
! 1 1 xX ! xX | X | Deselected | Deselected | 
1 Ys) 1 O | @ 1 @ | Data Register 1 Data Register | 
| 2 1 1 @ | 1 | Error Register | Write Precomp | 
| 4) i | 1 i 2 i Sector Count ! Sector Count { 
| a) 1 @ | 1 } 1 1 Sector Number ! Sector Number ! 
| 4) I 1 i i | Cylinder Low | Cylinder Low | 
\ a) | 1 1 @Q I 1 ! Cylinder High | Cylinder High | 
| 4) | i | 1 i 6 ! Size/Drive/Head | Size/Drive/Head | 
\ @ ' o1 { 1 1 ot 1 Status Register | Command Register | 
fm ee + 
D.2. Valid Commands 

oh + 

| | | BITS ! 

f TYPE i COMMAND ! 7 &@ 5 4 3 2 1 8 1 

| -------——— hee ee fen ee ee | 

I I | Restore tf @ O82 @ 1 rs re ri rB il 

| -—-—-—-———-—— $—-—— oh ee ee ! 

l I | Seek 1 @ id id 1 r3reri rd | 

| --—-——--—-——— Se he ee ee ee { 

{ II | Read Sector |! @ @ 1 @ D M LC DB I 

—— oe fan a 

I II! | Write Sector! @ 2 i 141 08 M L @ ft 

ee fan e e pe ee een ] 

| 11 | Format Track! @ 1° @ 1 8 2 8 DBD I 

we ce ee ee ee ee + 

L=Long Read/Write D=DMA Read Interrupt 

M=Multiple Sector rx=Stepping Rate 
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SDH Register Format 


Bit 


om wate ees ane Gee 


he ae mee ee are coe sa ee coe ee eee nes ne ee ems et eet ne Sons ne won eine nee Hm He ns is et Set ced cee ee ee es om + 
1 7? §| 6 S&S | 4 3 | 2@ 1 8 41 
{----— wa et me ee $e eee ee fe ee 
Function — | € t See ! Drive | Head { 
I | Size tt Select! Select ! 
he a ce ec a ne ee te ee ae ae oa ee ee + 
E=ECC Mode 
+ creas art Cae Great wine COURS OAD NASAD GENE LONND OEAND ERED COM GOKED WOUSD Gated GANES EDEND GUUIP GAtED SIND CONUS GHEY COED GmDL GUSH GAD TONED GumeD GaNNT OTEND GAD 
Sectar Size 1 | Bit Bit Drive Selected 
| | 4 3 
Yn me mm cn mes a te cee ee ee mt ee ee cee ee ew So coe came Oe me tw ete came me am ee 
256 Bytes | { 7) 4) Drive Sel 1 
viz Bytes | | 2 1 Drive Sel 2 
128 Bytes | | 1 ) Drive Sel 3 
| 1 1 Drive Sel 4 
elf eee ns so et ne eae ee See ee eae ee A ee SD eS SRA ts SoS nN Se ane ee 
cate cen coe ne tee ann cant ant tn even cow eae mat mt ite eri creme seen SD eet evtte ene ents Sane mtu aren cues arts Som i wt Hens wns Ome mney weet snes MD eee cons ene + 
Bit Bit Bit Head Selected | 
Fo 1 a I 
ave eee aes coves ome ruth tusen natne Rees coum snuny ces Som SURG anane samen Soue ove mean fctne SonsD CULE bois ontmy AunD oomsD couue Stn Che cowie SIMID sosbe Gon Om Soler Em oxiRG eeu! GAP enum cues come { 
2 zB 74) Head @ | 
2 a 1 Head 1 ! 
4 1 4) Head <= | 
2) 1 1 Head 3 | 
1 4 a Head 4 | 
1 4 1 Head 5 | 
1 j a) Head & | 
1 1 1 Head 7 | 
eect cance cones Gees SOO Geme tevee Sone SEE-e eowwe weed wert QULe send enone cuene GaN GUND wend GEUGS RAED GOCE GONE MEDS SOmLe CAD Goes LuEt! aint SGP OniNe GONG Gum Grund GntwD ome Qnees =IED GOES atte? mmm OMS +> 
and Error Register Bits 
nue ene ees ete ees me cat ee me Sone ons sts es een So mts a nes wee ens se and Mc Sete nD Set eee Ra eth el eee ee Lone Sete GD esteem sey Hane SN AON antl YD SD ce Semen MNP uN ane So Gun cnt ees come en ene + 
Status Register | Error Register | 
eee ene GUNS eemyte teey Goud Ramee GneUD CREED GOUED CLEET 1O0RE SO nt GOUED GUNED SEED Gem CoD GOES CRED GOEED Get EES lf nme ee ee ee et et a coe cee eee ee ene Hs nee eae ete mee creme oe ee me eam ene cone eon eae eae cone offs 
Busy ! Bad Black Detect | 
Ready Uncorrectable | 
Write Fanuit 1 CRC Error —- ID Field | 
Seek Complete | ID Not Found | 
Data RPequest { - | 
Corrected { Aborted Command 1 
~ | TRAAG | 
Error | DAM not found I 
nh tess a Ss ms ibe Sasori el id wea nics ann Sans Sle n'a) wicks Coe oss Sh Sg re shes law seks Sach ed oh ce ea Se ew sed so a ee 1 ee ee ee eee cee i is ae si ome + 


cont queso eume 
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JUMPER MODIFICATIONS ON HDC-2001 


JUMPER A: Located between U9 & U15 - These jumpers are designed to select 
TIMCLR. If we are using SA1001 drive, you must jumper 2 to 3. 


JUMPER B: Located below U13 on the left hand side of Jumper C. This 
jumper area is designed to send a ready wait signal to 
extend the processor cycle. Depending on how the master 
processor is designed to look at either XRDY or PRDY. 

If you are using ADVANCED DIGITAL's Super Quad or Super 
Six you must jumper 2 to 1. 


JUMPER C: Located between jumper B & D. This jumper area is designed 
to select slave CLR, POE (power on clear) or reset mode. 


JUMPER D: Located on the top left corner of U20. These jumpers 
are designed to select DRQ € DMA-request Other 2 jumpers 
reserved for future uSe. 


JUMPER E, . F 

F, G, & H These jumpers are designed to select drive 1,2,3 & 4. 
With the new 8X305 processor on board, it is not required 
to jumper these pins because the 8X305 will generate drive 
select inside automatically. 


INTERRUPT 
JUMPER: Located on the left hand side of U20. These jumpers will 
depend on master configuration. 


S1 POSITION: The S1 on HDC 2002 is to determine the port addressing. 
ADVANCED DIGITAL software is set up to look at port EQ 
which is the hard disk controller base address (SQHDC.MAC). 
So the position of the switch must be: 


i 2 3 4 5 6 7 8 
ON ON ON ON ON OFF OFF OFF 


Switches 4 through 8 select the upper 5 bits of the address 
(A3 - A7). A closed switch (ON position) equals a @ and 
an opened switch (OFF position) equals a 1. To select 

a YE - @@H address (111% - @XXX) address A3 & A4 will 

have to be low and address A5, A6, A7, will have to be 
high. So the switch 4 & 5 have to be in the ON position 
(equal @) and the switch 6, 7 & 8 have to be in the OFF 
postion (equal 1). , 
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2. 


E. 


OPERATING SYSTEMS 


CP/M on 8" or 3 1/74" version 


Turbo-Dos on 


8" 


or 5 1/74 " version 
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F. DRAWINGS 


F.1. SCHEMATIC 


PARTS LIST HDC 2001 
Rev. C 


ee 
PART NUMBER QTY REFERENCE DESIGNATOR MFG DESCRIPTION NOTE 


T41S74° 
74L8191 
MC3487 
74LS54 
WD1100-12 
WD1100-06 
74L8174 
AM2149-70DC 
748124 
74874 
WD1100-03 
WD1100-05 
74LS00 
74LS14 
74LS367 
LP411 
WD1100-01 
74L8244 
74LS688 

_ TPQ6700 
WD1100-08 
74LS08 

* 8T31 
74LS241 
‘AM26LS32 
74864 
AM26S02 
WD1100-07 
DM7 406 
74L8273 
74LS374 
74L138 
74L8137 
74LS32 
74LS259 
74500 
74L8175 
828181 (FIV) 
825181 (MSB) 
328181 (LSB) 
DL6710 
7438 | 
74804 
8X305 


1 
3 
2 
1 
1 
1 
1 
2 
1 
3 
l 
1 
i 
2 
2 
1 
1 
2 
] 
1 
1 
1 
1 
2 
1 
] 
1 
1 
2 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


TOTAL IC SOCKET:59 |(58 HAVE BEEN USI 
14 PINS: 20 
16 PINS: 16 
20 PINS: 15 
18 PINS: 2 
24 PINS: 4G 
50 PINS: 1 
8 PINS: 1 


**!I NOTE: U2 DO NOT USE]|** 


PARTS LIST HDC 2001 


Rev. C 
a a a ee eh 
PART NUMBER QTY REFERENCE DESIGNATOR MFG DESCRIPTION NOTE 
.1 MF 42 Cl 5C2, C4505, C65-C7, CAPACITOR 
C8, C9, C10, Cll, C12, 5 
C13, C17, €18, C19, > 
C20, C21, C23, C24, mt 
C26, C27, C28, C29, " 
C31, (C32... C335 C35; - 
C36, C37, C38, C39, " 
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220 PF 1 C25 be 
150 PF L C22 " 
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IN4148 11 GR1, CR2, C43, CR4, DIODE 
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CR13, " 
OSC 20.000 Mhz 1 Yd. OSCILLATOR CRYSTAL 
OSC 8.000 Mhz 1 Y2 OSCILLATOR CRYSTAL 
10K SIP 1 RPL SIP RESISTOR NETWORK 
220/330 SIP 1 RP2 SIP RESISTOR NETWORK 
2N 3904 1 Ql TRANSISTOR | NPN 
2N 5320 1 Q2 TRANSISTOR NPN 
4.7 Mh 2 Li: b2 COLL 
4-20 PF POT 1 C15 ' VARIABLE CAP 
LM 323(78L05) 1 VR1 VOLTAGE REGULATOR 
79L05 1 VR2 VOLTAGE REGULATOR 
1K OHM 5 Rl, R1O, R27, R35, R37,] . RESISTOR 
R42 RESISTOR 
1.5K 2 R2, R39 RESISTOR 
4.7K 3 R3, R33, R41 u 
5.6K 1 R4 ed 
150 OHM 2 R5, R12 2 
2.4K 2 R6, R7 C 
1.6K 1 R8 " 
110K | R9 " 
2K 1 R11 “ 
330 OHM 1 R13 " 
680 OHM 1 } R14 . 
220 OHM W-1% 4 R15, R16, R17, R18 m 
51 OHM 8 R19, R20, $21, R22 
R23, R24, R25, R26 ut 
499 OHM kW-1% 1 R28 i" 
3.3K 1 R29 “ 
5K POT 1 R30 VARIABLE RESISTOR 
2K 1 R31 RESISTOR 
200 OHM 1 | R32 " 
10K 1 R34 " 
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USERSMANUAL : 8X305 


Chapter 1 ‘ 
INTRODUCTION 


This manual provides the system designer with acom- 1.1 DEVICE DESCRIPTION 

plete technical discussion of the S gnetics 8X305 Bipolar 

MicroController. The first two chapters address the func- The 8x305 MicroController (Figure 1-1) is a monolithic 

tional operation of the 8X305, Chapter 3isareference for Central Processing Unit implemented in bipolar Schottky 

the device instruction set, Chapter 4 discusses timing technology. It is designed to operate at a speed of 200 

considerations, and the final two chapters deal with ap- nsec for each 16-bit instruction, fetched on a dedicated 

plication of the device. bus for higher throughput. It controls a series of 
peripheral devices which are attached to it by means ofa 


The 8X305 Data Sheet provides complementary data to stangarg 2 or aus SOND aoe Inte Uace Vector ouS and 
this manual, including detailed timing and electrical char- its ooo eee conwel signals,ne one? Can De eeelly ed 
acteristics. The 8X300 Family Product Capabilities  ‘@9fated into most support systems using 8X300 Family 
Manual discusses the 8X305 in the context of the many Ssupporndevices. 
compatible support devices available from Signetics. : : Baie oc 
Together, the three documents provide the information The 8X305 is Upward-compalibie “a hg pledecess0t. ne 
necessary to design and implement a system that takes oe ae er ail function cor 
full pavantan col ne powerlubiieatives opterncs: rectly on an 8X305. but the expansion of the instruction 
set and ‘nterna! working storage allows more flexible 
The Signetics 8X305 Bipolar MicroController provides a = manipulation of data, higher throughput. and simplifica- 
real alternative to the complexity of bit-sli:ce designs ana tion of code. Care should be taken, however, in analyzing 
the relatively slow speed of MOS microprocessors in high signal and timing requirements for each application 
performance, cost effective contro! systems. where the MicroController is to be updated. 
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Figure 1-1 Architectural Overview of 2X305 MicioController 
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The 8X305 is designed to provide the optimum combina- 
tion of features for controller design: 

e Powerful, simple instruction set 

¢ Eight instruction classes 

* Single chip package 


Bipolar speed 


Family of compatible peripheral devices 


Flexible bit manipulation in a single instruction 


Single +5 volt supply 


TTL three-state bus operation 


1.2 DEVICE ARCHITECTURE 


An understanding of the internal architecture of the 
8X305 is required to maximize the efficiency of a design. 
Figure 1-1 illustrates the logical structure, but does not 
necessarily represent exact physical connections within 
the device. , 


The instruction arrives at the Instruction Register from 
the Instruction Bus (Ig-145). It is interpreted on the basis of 
the Op Code which defines the significance of the other 
bits in the instruction. Data paths within the chip are set 
up by the Decode and Controi logic. External control 
signals are also generated by this logic. At a later point in 
the cycle, the Program Counter, Increment Logic, and Ad- 
dress Multiplexer generate the address of the next in- 
Struction to be executed and place it in the Address 
Register. The address is then placed on the Instruction 
Address Bus (Ao-Aj9) to fetch the next instruction. 


All timing is generated by an on-chip oscillator running at 
twice the actual instruction cycle speed. 


Source data can be accessed from three locations: 


¢ 16 internal registers 

¢ The IV bus 

e Absolute or modified constant specifications from the 
current instruction word 


Data from external sources can be manipulated by means 
of the Rotate and Mask Logic before becoming the first 
operand for an ALU operation. The implied second 
operand is the Auxiliary Register (AUX or RO). The result 
of the operation is stored in an Internal Register or 
transmitted to the IV bus. 


The sixteen 8-bit registers contained in the 8X305 are 
used as temporary storage of data and pointers. Three of 
these registers have special applications for IV bus ad- 
dress transmission and flag storage, leaving thirteen 
available as general-purpose storage. 


1.3 PIN DESCRIPTION 


The 8X305 MicroController is housed in a 0.9-inch wide, 
50-pin Dual In-Line (DIP) package, with pin assignments 
and designated functions as indicated in Figure 1-2. 


1.4 THE INTERFACE VECTOR BUS 


The 8X305 communicates with peripheral devices by 
means oj a bidirectional, 8-bit TTL bus known as the Inter- 
face Vector, or IV bus. Five control signals generated by 
the 8X305 indicate the direction in which the bus is being 
driven and the configuration of the data or address on the 
bus. 


Devices connected to the IV bus are commonly refered 
to as I/O Ports. Any one of up to 256 such devices can be 
selected in a single cycle when the 8X305 places the I/O 
Port’s unique address on the bus and asserts the Select 
Command (SC) signal. Once selected, an I/O Port normal- 
ly remains selected until the SC signal is again asserted 
with a different address on the bus. 


The direction of data flow is indicated by the Write Com- 
mand (WC) signal. This signal is asserted when data is be- 
ing placed on the bus by the 8X305, and is not asserted 
when data is being read from the bus. The data will nor- 
mally be read from or written into whatever I/O Port was 
last selected. 


To optimize the 8X305’s capabilities in data manipulation 
and device selection, two control signals known as Left 
Bank (LB) and Right Bank (RB) are provided. These 
signals are asserted concurrently with other control 
signals based on the contents of the instruction word. 
They can be used in conjunction with the other signals to 
determine which I/O Port will be enabled at any given 
time. They can be used in a variety of ways, but the two 
most significant are as follows: 


1. The optimum performance of the MicroController can 
be achieved by connecting the input I/O Port to one 
bank and the output port to the other. The two ports 
can then be selected concurrently and data can pass 
between them in a single cycle, resulting in a transfer 
rate of five megabytes per second. 


2. Since the bank select signal (LB or RB) must be 
asserted for a port to be enabled, two ports may share 
the same address provided that they are connected to 
opposite banks. This expands the number of I/O Ports 
that can be addressed in a single cycle to 512. 


Timing on the bus is synchronized with the Master Clock 
(MCLK) signal. Together with the other control signals, it 
enables the !/O Ports to access the IV bus at the correct 
points in the MicroController’s instruction cycle. 
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PINNO. | IDENTIFIER FUNCTION _ 
1 VCR Regulated voltage input from series-pass transistor (2N5320 or equivalent). 


2-9, 45-49 Ao-A12 Program Address Lines: These active-high outputs permit direct addressing of up to 8192 words of 
program Storage; A, is least significant bit. 


10, 11 X1, X2 Timing generator connections for a capacitor, a series resonant crystal, or an external clock source 
with complementary outputs. 
12 GND Ground. 
13-28 . larlis Instruction Lines: These active-high input lines receive 16-bit instructions from program storage; }1., 
is least Significant bit. 


29 Select Command: When high (binary 1), an address is being output on pins iVO through V7. 
30 Write Command: When high (binary 1), data is being output on pins !VO through iV7. 
LB 


31 Left Bank Control: When !ow (binary 0), devices connected to the Left Bank are accessed. (Note. 
Typically, the LB Signal is tied to the ME input pin of I/O peripherals.) 


32 Right Bank Control: When low (binary 0), devices connected to the Right Bank are accessed (Note. 
Typically, the RB signal is tied to the ME input pin of I/O peripherals.) 
33-36, Interface Vector (Input/Output Bus) — these bidirectional active-low three-state lines communicate 
38-41 data and/or addresses to '/O devices and memory locations. A low voltage level equals a binary 1", 
1V7 is Least Significant Bit. 
37 + 5V power supply. 
42 Master Clock: This active-high output signal is used for clocking '/O devices and/or synchronization 
of external logic. 
43 RESET When RESET input is low (binary 0), the 8X305 is initialized — sets Program Counter/Address 
Register to zero and inhibits MCLK. For the period of time RESET is low, the Left Bank/Right Bank 
(CB/RB) signals are forced high asynchronously. 
HALT When HALT input is low (binary 0), internal operation of the 8X305 stops at the start of next instruc- 
tion; MCLK is not inhibited nor is any internal register affected; however, both the Left Bank/ Right 
Bank (LB/RB) signals are synchronously driven high during the first quarter of the instruction cycle 
time and remain high during the time HALT is low. 
a ee Internally-generated reference output voltage for external series-pass regulator transistor. 


Figure 1-2. 8X305 Pin Designations and Functions 
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The I/O Ports must be capable of performing the address 
select operation, determining the direction of the bus, 
. analyzing the bank control signals, and presenting or 
receiving data. Signetics offers numerous circuits that 
perform these functions for specific applications. Refer 
to the 8X300 Family Product Capabilities Manual for in- 
formation on these devices. 


1.5 SYSTEM ENVIRONMENT 


A generalized system configuration consisting of pro- 
gram storage (ROM/PROM), working storage (RAM), I/O 
devices, and the IV bus interface (IV0-IV7) is shown in 
Figure 1-3. Except for the off-chip timing crystal, the 
“regulator transistor, and any user-generated logic 
associated with the HALT and RESET lines, no external 
parts are required for implementation. The TTL- 
compatible bus, simple interface logic, and _ bit- 
manipulation features optimize the 8X305 MicroCon- 
troller for almost any system where high-speed operation, 
flexibility, and minimum board space are required. 


The program storage can consist of any ROM or PROM 
~ with sufficient access speed. It can be configured to the 


size of program required by the application, up to a max-. 
imum of 8,192 instruction words. 


An Interrupt Control Coprocessor, the 8X310, is available.. 
This device connects to the Instruction Bus and !nstruc- 
tion Address Bus, providing a single-chip interrupt 
handler and an enhanced ability for subroutine process- 
ing. 


Ports on the IV bus must be tailored to the application. 
Some additional high-speed working storage may also be 
required. This is implemented by assigning contiguous 
memory locations in a small byte-wide RAM to a series of 
contiguous port addresses. It is good practice to pair 
peripherals which transfer a good deal of data between 
each other on opposite banks, which enables single- 
instruction processing and transfer of data. 


Since they have been designed specifically for the IV bus, 
the 8X300 Family of parts provide the simplest solution to 
most requirements encountered in an 8X305 system. The 
family includes an array of I/O Ports, working storage 
RAM, and single-chip solutions to problems such as flop- 
py disk control and computer bus interfacing. 
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introduction 


1.1 


General Description: 


The ST-506/412 disc drive is a random access storage device utilizing two non- 
removable 5'% inch discs as storage media. Each disc surface employs one 
movable head to service 153/306 data tracks. The total formatted capacity of the 
four heads and surfaces is 5/10 megabytes (32 sectors per track, 256 bytes per 
sector, 612/1224 tracks). 


Low cost and unit reliability are achieved through the use of a band actuator and 


open loop stepper head positioning mechanism. The inherent simplicity of. 


mechanical construction and electronic controls allows maintenance free 
operation throughout the life of the drive. Both elecronic PCB's are mounted 
outside the head disc assembly, allowing field serviceability. 


Mechanica! and contamination protection for the heads, actuator, and discs is 
provided by sn impact resistant aluminum enclosure. A self-contained recircula- 
ting system supplies clean sir through a 0.3 micron filter. A second port in the 
fitter assembly allows pressure equalization with ambient sir without chance of 
contamination. A patented spindle pump sssures adequate air flow and uniform 
temperature distribution throughout the head and disc area. Thermal isolation 
of the stepper and spindie motor assemblies from the disc enclosure results in a 
very low temperature rise within the enclosure. This provides significantly 
greater off track margin and the ability to immediately perform read and write 
operations after power up with no thermal stabilization delay. 


The ST-506/412 electrical interface is similar to Shugart Associates’ SA1000. 


family of 8 inch fixed disc drives. ST-506/412 size and mounting are identical to 
the industry standard minifloppy disc drives, and thay use the same DC voltages 
and connector. No AC power is required. 


Key Features: 


* Storage Capacity of 6.38/12.76 megabytes unformatted, 5.0/10.0 mega- 
bytes formatted as shipped. 


* Same physical size and mounting as the minifloppy. 
* Same OC voltages as the minifloppy. 

* Band actuator and stepper motor head positioning. 
* 5.0 megabit/second transfer rate. 

* Simple floppy-like interface. 


* Same track capacity as a double density 8 inch floppy. 


1.2 Specification Summary: 
1.2.1 Physical Specifications: 

Environmental Limits: 

Ambient Temperature 
Operating: 40° to 122°F (4° to §0°C) 
Non-Operating: —14° to 140°F (—10° to 60°C) 

Max Temperature Gradient 
Operating: 18°F/hr. (10°C) 
Non-operating: Below Condensstion 

Relative Humidity: 8 to 80% non-condensing 


Maximum Elevation 
Operating: 10,000 ft. 
Non-operating: —1000 to 12,000 ft. . 


Shock 
Operating: 10G’s 
Non-operating: 40G’s (on box side frames) 


DC Power Requirements 


+12V 25%, 1.8A typical, 4.5A maximum (at power on) 


+5V t 5%, .7A typical, 1.0A maximum 
+12V/+5V Maximum Ripple = 5OmvV P-P 


Mechanical Dimensions: 


Height: oo. s. cio siees sieediescens ovesaeae 3.25 inches 
Width ies eos cede avis ceenvaceeeas 5.76 inches 
DOP se cccriecehieeth ctivence ene: 8.00 inches 
Weight.............. 0c. cece eee 4.6 ibs. (2.1 kg) 
Shipping Weight ................ 7.0 Ibs. (3.2 kg): 


Heat Dissipation 
25 watts typical 
29 watts maximum 


1.2.2 Reliability Specifications: 


MTBF ................ 11,000 POH, typical usage 
PIG ici siere esdieidawtens drdibne wiare oe bachoreie Not Required 
MUER ices sists asc i eentinecdeeoes ... 30 minutes 
Component Design Life..............000 6 years 
Error Rates: 
Soft read errors............. 1 per 10'° bits reed 
Hard read errors® ........... 1 per 10'2 bits read 
See@k @rrors... 2... cece eee 1 per 10° seek 


° Not recoverable within 16 retries 
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1.2.3 Performance Specifications: 


Capacity 
Unformatted 


Per Drive 

Per Surface 

Per Track 
Formatted 

Per Drive 

Per Surface 

Per Track 

Per Sector 

Sectors Per Track 


Transfer Rate 


Access Time 
Track to Track 
Average* 
Maximum® 
Setting Time 


ST-606 


6.38 Megabytes 
1.59 Megabytes 
10416 Bytes 


5.0 Megabytes 
1.25 Megabytes 
8192 Bytes 

256 Bytes 

32 


5.0 Mbits/sec 


3ms 
85ms 
205ms 
15ms 


*using fast seek algorithm (including setting) 


Average Latency 


8.33ms 


ST-412 


12.76 Megabytes 
3.19 Megabytes 
10416 Bytes 


10.0 Megabytes 
2.5 Megabytes 
8192 Bytes 
256 Bytes 

32 


5.0Mbits/sec 


3ms 
85ms 
205ms 
15ms 


1.2.4 Functional Specifications: 


Rotational speed 
Recording density 
Flux density 
Track density 
Cylinders 

Tracks 

R/W Heads 
Discs 


2.0 Functional Characteristics 


2.1 General Operation: 


3600 rpm t!% 
7690 bpi max 
7690 fci 

255 tpi 

153 

612 

4 

2 


3600 rpm t1% 
9074 bpi max 
9074 fci 

345 tpi 

306 

1224 

4 

2 


The ST-506/412 disc drive consists of read/write and control electronics, read/ 
write heads, track positioning actuator, media, and air filtration system. The 
components perform the following functions: 


1. Interpret and generate control signals. 


2. Position the heads over the desired track. 


3. Read and write data. 


4. Provide a contamination free environment. 


2.2 Read/Write and Control Electronics 


Electronics are packaged on two printed circuit boards. The primary Woard to 
which power, control and data signals are connected includes: 


2.3 


2.4 


2.5 


1. Index detection circuit. 

2. Head position/actuator circuit. 
3. Read/write circuits. 

4. Drive up to speed circuit. 

Head select circuit. 

Write fault detection circuit. 
Step motor drive circuit. 


Drive select circuit. 


o ep NP 


Track zero detector circuit. 


The second PCB, mounted to the sideframe under the primary board derives its 
power from the primary board and provides power and speedcontro! tothe spindle 
drive motor. 


Drive Mechsnism 


Abrushless DC drive motor rotates the spindle at 3600 rpm. The spindle is driven 
directly with no belt or pulley being used. The motor is thermally isolated 
from tia head/disc assembly to minimize temperature rise in the sealed 
chamber containing the heads and discs. The motor and spindle are dynamicsily 
balanced to insure a low vibration Javel. A brake is used to quickly stop the 
spindle motor when power is removed. The head/disc assembly is shock 
mounted to minimize transmission of vibration through the chassis or frarna. 


Air Filtration System (Figures 1A & 1B) 


The discs and read/write heads are fully enclosed in a module using an 
integral recirculation air system and absolute filter to maintain a clean environ- 
ment. Integral to the filter is a port whick also permits ambient pressure 
equalization without contaminate entry. 


Positioning Mechanism (Figure 2) 


The read/write heads are mounted on a ball bearing supported carriage 
which is positioned by a band actuator connected to the stepper motor shaft. 
The stepper motor is thermally isolated from the head/disc sssembly to minimize 
temperature rise in the sealed chamber. 


1.0 INTRODUCTION 
1.1 GENERAL DESCRIPTION 


The Shugart Mode! 1000 series disk drive is a random access storage device with one or two non-removable 
8"’ disks as storage media. Each disk surface employs one movable head to service 256 data tracks. The 
two models of the SA1000 series are the 1002 and the 1004 with single and double platters respectively. The 


SA1002 provides 5 megabytes accessed by 2 movable heads and the SA1004 provides 10 megabytes ac- 
cessed by 4 movable heads. 


Low cost and unit reliability are achieved through the use of a unique band actuator design. The inherent 


simplicity of mechanical construction and electronic controls allows maintenance free operation throughout 
the life of the drive. 


Mechanical and contamination protection for the head, actuator and disks are provided by an impact resis- 
tant plastic and aluminum enclosure. A self contained recirculating system supplies clean air through a0.3 
micron filter. Another absolute filter allows pressure equalization with ambient air. 

The optional SA1200 Data Separator PCB or equivalent circuitry is necessary to provide MFM en- 
coding/decoding, write precompensation, a crystal write oscillator and address mark writing and detection. 
These functions are also provided by the optional SA1400 controller. 


The SA1000 fixed disk drive's interface is similar* to the Shugart 8"" family of floppy disk devs: ‘The SA1000 
is designed to fit into the same physical space as the 8"' floppies. 


Key Features: 

@ Storage Capacity of 5.33 or 10.67megabytes. 

@ Winchester design reliability. 

@ Same physical size and identical mounting configuration as the SA800/850 floppies. 
@ Uses the same D.C. voltages as the SA800/850 floppies. 

@ Proprietary Fas Flex Il! band actuator. 

@ 4.34 Mbits/second transfer rate. 

@ Simple floppy like interface. 


*Existing floppy controllers are not compatible with the SA1000 due to differences in the data transfer rates. 
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1.2 Specification Summary 
1.2.1 Physical Specifications 
Environmental Limits 
Ambient Temperature = 
Relative Humidity = 
Maximum Wet Bulb = 
AC Power Requirements 
50/60 Hz+0.5Hz_ 
100/115 VAC Installations 
200/230 VAC Installations 


DC Voltage Requirements 


Ripple 
DC Voltage MV P-P 
+5 + V 50 
-5+05V 50 


(—7 to —16V optional) (N/A) 
+24 + 36V 1000 


Mechanica! Dimensions 


Rack Mount 
Height = 4.62 in. (117.3mm) 
Width = 8.55 in. (217.2mm) 
Depth = 14.25 in. (362.0mm) 
Weight = 17 Ibs. (7.7Kg) 


50° to 115°F (10° to 46°C) 
8% to 80% 
78° non-condensing 


= 90-127V at 1.1A typical 


~ = 180-253V at 0.6A typical 


Stepping 2.0 amp typical 
2.5 amp max. 
Steady State 3.6 amp typical 


4.1 amp max. 


0.20 amp typical 
0.25 amp max. 


Stepping 2.8 amp typical 
3.3 amp max. 
Steady State 0.20 amp typical 


0.25 amp max. 


Standard Mount 
4.62 in. (117.3mm) 
9.50 in. (241.3mm) 
14.25 in. (362.0mm) 

17 Ibs. (7.7Kg) 


Heat Dissipation = 511 BTU/Hr. typical (150 Watts) 


1.2.2 Reliability Specifications 


MTBF: 8,000 POH typica! usage 
PM: None Required 

MTTR: 30 minutes 

Component Life: 5 years 


Error Rates: 


Soft Read Errors: 1 per 10'° bits read 
Hard Read Errors: 1 per 10° bits read 


Seek Errors: ” 1 per 10° seeks 


1.2.3 Performance Specifications 


Capacity SA1002 
Unformatted 
Per Drive 5.33 Mbytes 
Per Surface 2.67 Mbytes 
Per Track . 10.4 Kbytes 
Formatted 
Per Drive 4.2 Mbytes 
Per Surface 2.1 Mbytes 
Per Track 8.2 Kbytes 
Per Sector 256 bytes 
Sectors/Track 32 


Transfer Rate 
Access Time 


4.34 Mbits/sec 


SA1004 


10.67 Mbytes 
2.67 Mbytes 
10.4 Kbytes 


8.4 Mbytes 

2.1 Mbytes 

8.2 Kbytes 

256 bytes 
32 


4.34 Mbits/sec 


Track to Track 19 msec 19 msec 

Average 70 msec 70 msec 

Maximum 150 msec 150 msec 

Average Latency 9.6 msec 9.6 msec 

1.2.4 Functional Specifications 
Rotational Speed 3125 rpm 3125 rpm 
Recording Density 6270 bpi 6270 bpi 
Flux Density 6270 fci 6270 fci 
Track Density 172 tpi -172 tpi 
Cylinders 256 256 
Tracks 512 1024 
R/W Heads 2 4 
Disks 1 2 
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Q2000 FIXED DISK DRIVE 


The Q2000 fixed disk drive interface 3s similzr to the: 
Shugart 8” floppy drive and a superset of Shugart's 
SA1000 series disk drive in interface [he Q2000 series 


disk drive is designed with the same form factor and 


power supply voltage requirements as 8" floppy drives. 


Key Features: 


Storage Capacity of 10, 20, 30, or 40 wegabytes 
Winchester design reliability 


Same physical size and mounting as 8” Floppy drives 


Uses the same D.C. voltages as 8" floppy. 


Proprietary, rotary, high resolution, quiet head 


position actuator 
4.34M bits/second transfer rate 


Microprocessor controlled temperature compensation 


servo 
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SPECIFICATION SUMMARY 


PHYSICAL SPECIFICATIONS 
ENVIRONMENTAL LIMITS 


NON OPERATIONAL 


Storage temperature 50°F to 150°F 410°C to 
65'55"C) 


Shipping temperature -40°? to 150° ‘%-40°C to 
65.5°C) 


Storage and shipping altitude = 1000 to 40,000 feec 


OPERATING 
Max Operating Altitude = 10,000 feet 
Ambient temperature = 50° to 115°F (10° to 46°C) 


Relacive humidity = 8% to 802% 


Maximum wet bulb = 78° non-condensing 
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AC POWER REQUIREMENTS 


50/60Hz+0.5Hz 


100/115VAC Installations = 90-127V at 1.0A Typical 


200/230VAC Installations 180-253V at 0.5A Typical 


DC VOLTAGE REQUIREMENTS 


+24VDC+10% 1.25A Typical (1.5 A max) 
+5VDC+5% 1.0A Typical (1.5 A max) 


~SVDC+5% (-7 to -16VDC optional) 0.2A Typicai (0.25 A 


max ) 


MECHANICAL DIMENSIONS 


Height = 4.50 in. (114. 3mm) 
Width 56507 ie A207 si) 
Depth 14.25 in. (362.0mm) 


Weigoe AL? Tbs. (77K s) 
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VIBRATION 


- . i ° e . e . 
The ilevei specified for vibra-ion applies to three mutually 


perpendicular directions. ~Principle cabinet axes). Equipment 
shal: be operable during and after che maximum vibration levels 


ia the following table. 


FREQUENCY PEAK TO PEAK 
ANPLITUDE 


Operating 


Non-Operating 


TRACK GEOUCTRY 


Track widtn = .00225 + - .00015 inches 

Track spacing = .900287 inches averaz2 

Track zero cadius = 3.637 inches nominal 

Track 511 radius = 2.155 inches nominal 
Shipping and Landing zone track = 2.050 inches 
nominal 
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Q2000 FIXED DISK DRIVE 


HEAT DISSIPATION 
239 BTU/HR. TYP (70 Watts) Nominal 


1.2.2 RELIABILITY SPECISICATIUN. 
MTBF:8,000 POH typical usage 
PM:not required | 
MTTR:30 minutes 


Component Life: 5 years 


ERROR RATES 


Soft read errors: 1 per 101° bits read 


Hard read errors: 1 per 1012 bits read 


Seek errors: l per 10© seeks 


These error rates assume that the drive is being operated. 


within its specified limits. Errors ¢aused dy mwedia 


defects are excluded. 


1.2.3 PERFORMANCE SPECIFICATIONS 


Qg2010 = Q2020 Q2030 92040 


Capacity 


Unformatted 


N 


Per drive | 10.66Mb 21.33Mb 32.00% 42.66%b — 
Per surface | 5.334Hb 5-334b 5.33Mb 5.33ifb 


Per track ~ 10.40Kb 10.40Kb 10.40K 10.40Kb 
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Formatted (421) 


Per drive 8.40Mb 16.80Nb 25.20.1b 33.60ilb 
4.20Mb 4.20%b be 2Os 4.20Ab 


Per track 8. 20Kb 8.20%b Se 20K 3.20Kb 


Per surface 


Per sector 256 Byte | 256 Bytes 256 Bytes 256 Bytes 

Sectors/TK 32 32 32 32 

Transfer Rate 4.34Abits/ 4.34Mbdits/ 4.34Mbits/ 4.34Mbits © 
sec sec sec sec | 


me? 12) 
Access Time (Nominal voltages, 25 C 


TK to TK({(max) 15 ms 15 ms 15 ms 15 ms 


Average‘ max) 55 ms 60 ms 60 ms 65 ms 
Full Stroke(typ)115 ms 115 ms 115 ms 115 ms 


Avg. 
1.2.4 


Latency 10 as 10 ms 10 ms 10 ms 
FUNCTIONAL SPECIFICATIONS 


Nom Rotational Speed 3000 RPM 3000 RPM 3000 A&P. 3000 “RP 


Max Rotational Speed 3083 RPM 3083 RPM 3083 2PM 3083 RPA 
Min Rocational Sneed 2904 RPif 2904 2PM 2904 RVY 2904; REL. 
Recording Density 6600 bpi 6600 bpi 6500 hpi 6600 bpi 
#lux Density 6600 fci 6600 fci 6600 fei 6600 fci 
Track Density 345 tpi 345 tpi 345 epi 345 ctpi 


Cytinders oy 512 SZ SZ 
2048 


Tracks 
R/W Heads 


Disks 


Quantum guarantees a track capacity of a minimum of 10102 


bytes when written using a timing ut 1.84 


microseconds/byte. 


QuANTUmM Samu Rmiion . 
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FUNCTIONAL CHARACTERISTICS 


> ee Lb . GENERALS OPERATION 


The Series 2000 fixed disk drive consists of 
read/write and control electronics, read/write 
heads, head positioning mechanism, media, air 
| filtration, and disk rotation system. ‘See vig 
'.1-A for functional block diagran) These 
components perform the following functions: 
Spin the disks) and generate control 
Signals 
Position the aegads over the selected track 
with appropriate corrections in position 
to compensate for. thermal effects on track | 
location 


Read and write data 


Provide a contamination free environmenc 
around tne media and neads 


Perfora diazgnostics on 
positioning aad servo systems 
242 a READ/WRITE AND CONTROL ELECTRONICS 


The electronics for che drive are packaged on two printed 


circuit boards, the control PCB and the Transducer PCB. 
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2.2.1 TRANSDUCER PCB 


The Transducer PCB contains the followin 


Z 


g Siteutiecs: 


Optical position encoder detector circuits 
Raw track O detector circuit 


AGC circuit for position sensors 


Head select 


diode matrix 


Actuator motor connections 


Drive capacity option jumpers 


2.2.2 CONTROL PCB 


The main PCB contains the Following circuits: 
Index detector circuit 


Head positioning actuator circuits 


tfiicroprocessor (with ROM Prozram* ) for 
diagnostics and head positioning control 


Read/write amplifier/drivers 


Head select circuits 
Drive select circuit 
Drive ready circuit 
Write fault detection circuit 
Power on reset circuit 
Track O detection circuit 


2.3 DRIVE MECHANISM 


The spindle rotates at 3000 rpm through a belt drive 


from an AC motor. Either 50 or 604z2 power is 
accomodated by changing che motor drive pulley and 
belc. 220/230VAC operation can be utilized by a 
motor change. “See Appendix C) 


* © Quantum Corp. 1981 
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2.4 


READ/WRITE HEAD AND DISKS 


The recording media is a lubricated thin magnetic oxide 
coated on an 8 inch 


(200mm) diameter aluminum substrate. 


This lubricated coating formulation, together with the 


low load force/low mass Winchester type flying heads 
permit reliable contact start/stop operation. To protect 


recorded data, heads are positioned in a landing zone 


inside of cylinder 511 when the disks are not up to speed... 


20D HEAD POSITIONING SYSTEM 


The head positioning system consists of three major 
elements: rotary torque motor actuator, optical track 


position encoder, and temperature compensation servo. 


Zee E ROTARY TORQUE MOTOR ACTUATOR (FIG. 3) 


The read/write heads are iaountcd on counterbalanced arms 


attached to the hub of the rotary torque motor. This 

configuration applies a pure torque to the rotor. The 
as 

balanced system maximizes bearing life and leads to high 


mechanical stability and maximum vibration resistance. 


The motor is of simple construction consisting of a ring 


magnet, two flat plate pole pieces, a single plane moving 
coil and two bearings. This system is faster than 


stepper motors and its performance matches many voice 


coil actuator systems. 
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2-5-2 OPTICAL TRACK POSITIUN ENCODER 


The optical track position encoder is a proven technolozy 
utilizing a highly reliable photo etched scale, an LED 
light source and. photodiode sensors. The encoder 
components are located inside the bubble with the scale 


attached to che lowermost actuator arm. 


2.5.3 TEMPERATURE COMPENSATION SERVO 


The temperature compensation (fine) servo obtains 
position feedback directly from the disk surface once per 
revolution. This track Location coding is emvedded 
between the last inter-record yap and the index pulse. 
Writing is inhibited by the drive during this time but 
reading is noc. The lr or 2F servo signal will appear on 
the MSM read data lines. Compatibility is maintained 
with like drives by reducing the disk rotational speed by 
4%. This servo method places no restricions on format 
and allows the same data rate and track capacity as other 


comparable competitive units. 
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